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You can trust the P-150; 
/t corrects /ts own mistakes 


All of Tally's perforators (over 3,000) have made mistakes. We haven't 
built a perfect machine and neither has anyone else 


But Tally has built the next best thing—a perforator that can tell when 
it makes a mistake and can correct it—all at 150 characters per second 


Tally calls this new perforator the P-150. Even before we added the 
self-correction feature, it was a dependable machine. Now it’s by far the 
industry's most trustworthy high speed perforator. 


How You Can Use It Computer and machine tool programming, photo 
composing, and many data logging applications demand accurate paper 
tapes. With the P-150, you don't need to design a system which includes 
post reading the tape for error or going through a cleanup routine which 
takes time and more equipment. Instead, you can design around the 
perforator’s accuracy. 


With the P-150 your system can produce clean tape in less time, with less 
equipment, and at lower cost. 


The Price is Right The cost of the industry's most trustworthy perforator 
is: mechanism, $2,850: drive electronics, $1,400; tape handler (1,000), $450. 


For more data, please write to Tally Corporation, 1310 Mercer Street, 
Seattle, Washington 98109 
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ORTEC can supply either of these sources combine¢ 
with appropriate electronics and accessories to pro 
vide beams of singly or multiply charged positive o 
negative ions. Some of the characteristics which cal 
be selected are: 

SPECIES: Hydrogen to Argon. 

CURRENTS: Nanoamperes to tens of milliamperes. 


ENERGIES: Various ranges between 100 electron volt 
and 200 kiloelectron volts. 


OPTICS AND ANALYSIS: Electrostatic or magnetic. — 
TIMING: Nanosecond pulsing with a variety of repe 


tition rates. 
P Complete systems or individual components are avail: 
RF ION SOURCE e Accelerator ion source systems for pressurized Ol 


unpressurized machines are available for DC beams 
or nanosecond pulsed beams. 





Low energy ions have become effective tools in research pertinent to a variety of disciplines. Fo) 
instance, in BIOLOGY, microscopic observation of cells under ionic bombardment has been se 
in studying the effects of radiation on living tissue. In CHEMISTRY, low energy ions have bee 
used to study polymerization, free radicals, and atomic energy levels which have been difficu 
to excite by other means. SPACE PHYSICISTS have found these ions useful for solar wind sim 
lation and the calibration of radiation detectors to be used in space probes. Similar apparatus has 
been used by GEOPHYSICISTS in studies leading to evaluation of the lunar surface. Extensive 
use is made of ions in SOLID STATE PHYSICS for bombardment of semiconductors, crystal dop 
ing and radiation damage studies. Recently, usés have been reported in thickness measurement: 
and electroluminescence studies. 









ORTEC has provided a variety of ion source equip- 
ment to nuclear physicists for accelerator research, 
ion optics studies and plasma physics investigations. 
As areas of research utilizing ion sources expand and 
broaden ORTEC is interested in supplying, adapting 
or developing ion source equipment to facilitate spe- 
cialized experimentation. If we can be of service to 
you in providing ion sources for your experiments, 
please call on us. 


This is one of the special 

systems which ORTEC has | 
built. This equipment was | 
designed for low energy l 
proton irradiation of l 
solid samples. | 
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The completely new optical system provides 
flatness of field and image quality never 
before obtainable. Revolutionary focusing 
concept... only the objective moves when 
you focus ... body and stage remain motion- 
Jess and rigid. The only force exerted in 
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The AO Microstar” 
features flat-field, 
infinity-corrected optics 
and a revolutionary § 
focusing concept... 

the most significant 
developments 

in microscope design 
in this century. 
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focusing is the weight of the nosepiece 
assembly . . . prevents broken slides and 
coverslips. Focusing mechanism is enclosed 
in the arm, lubricated for life, and sealed 
against dirt. Ask your AO Sales Representa- 
tive for a demonstration. 
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MELVIN CALVIN and G. J. Carvin, Atom to Adam 163 


Through the courtesy of The American Philosophical Society we are permitted to re- 
produce the lecture, Atom to Adam, given by Nobel Laureate Melvin Calvin, of the 
Department of Chemistry in the University of California, Berkeley, at the November 
1963 meeting of the Society. The lecture stems from his research interests in the area of 
photosynthesis and the organization of complex molecules from the primal materials in 
the universe—hydrogen, methane, water, and ammonia. Genevieve J. Calvin is the wife of 
M. Calvin. Her contribution to the present paper reflects her broad interest and con- 
cern with the impact of scientific development on our society—locally, nationally, and 
globally. . 


CARL PFAFFMANN, Taste, Its Sensory and Motivating Properties 187 


A Sigma Xi-RESA National Lecturer for 1962-63 is the Florence Pirce Grant University 
Professor of Psychology at Brown University, where he graduated A.B. in 1933. As a 
Rhodes Scholar, 1935-38, and with subsequent studentships, he received his B.A. in 
Physiology (1937) and his Ph.D. in Psychology in 1939 from Oxford and Cambridge 
Universities, respectively. A member of the National Academy of Sciences, his research 
interests are in thearea of physiological psychology and sensory processes. In 1960 he 
received the Howard Crosby Warren Medal for his researches in experimental psy- 
chology. 
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Roser G. JAHN, Electric Propulsion 207 


The author of this article took undergraduate and graduate degrees in Princeton Uni- 
versity (1951-55). He became instructor in physics at Lehigh University, 1955-56, and 
Assistant Professor in 1956. In 1958, he transferred to the Jet Propulsion Laboratory of 
California Institute of Technology as Assistant Professor, returning to Princeton Uni- 
versity’s Department of Aeronautical Engineering in 1962. His research interests include 
shock tube, boundary layer phenomena, gas dynamics, and pulsed plasma propulsion. 
In this article he outlines alternative processes for producing space machines requiring 
the thrusts necessary to attain man’s planetary objectives. 


OWEN GINGERICH, The Computer Versus Kepler 218 


An astrophysicist at Smithsonian Astrophysical Observatory, Cambridge, Mass., 
specializing in the computation of theoretical stellar atmospheres, addresses himself here 
to the use of the computer in the solution of Kepler’s calculations on the orbit of Mars. 
He shows that both Kepler and he expected to solve the problem in two weeks. Kepler 
took at least four years. Programming for the computer took two weeks and the solution 
was then obtained in less than 10 seconds. The author has taught astronomy at the 
American University of Beirut (1955-58) and at Wellesley College (1958-59). 


GLENN L. Jepsen, Riddles of the Terrible Lizards 227 


The author, Sinclair Professor of Geology and Curator of Paleontology at Princeton 
University, with a special field of research in Early Tertiary Mammals, has made dino- 
saurs one of his many avocations. His essay reflects the abundance of his knowledge in 
this field and demonstrates his capacity in literate science-writing. We are indebted to 
the Princeton Alumni Weekly for permission to present to a wider audience, in a some- 
what abbreviated form, this article, intended initially to interest the Princeton alumni in 
one phase of geologic-paleontological research. 


Epwin H. Lanp, The Retinex 247 


The William Procter Prize Address for 1963 was given by Edwin H. Land, known 
throughout the world for his applications of polarized light and as inventor of the Polar- 
oid Camera, yielding finished photographs immediately after exposure, initially in black 
and white, and now in color. Recipient of numerous medals and awards, both here and 
abroad, a member of the National Academy of Sciences, he combines high competence as 
a corporation executive with continued dedication to and direction of scientific research. 
The lecture discusses a new approach to the problem of color perception and its signifi- 
cance in neural physiology. American Screntist gratefully acknowledges the gift by 
Dr. Land of the color illustration. Address: Polaroid Corporation, Cambridge, 
Massachusetts. 


Jean M. INGERSOLL, The Australian Rabbit 265 


A graduate of Columbia University and a member of the research staff, Hudson Institute, 
Harmon-on—Hudson, New York is studying ecological problems in possible postnuclear 
= environments, a project of the Office of Civil Defense. Specific historical examples of 
ecological devastation are being studied. The Australian Rabbit represents a major 
ecological disturbance produced by the introduction of the European rabbit onto the 
Australian continent. 
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This Polaroid Land Camera 
acts as if it were designed 
specifically for the laboratory 


Industrial photographers think this camera 
was designed for them. But we made it so 
versatile it can make just about every kind 
of picture used in a laboratory...and make 
it in 90 seconds or less. Shots of experi- 
mental prototypes, photomicrography, mac- 
rophotography and slide making are just a 
few of its uses. 

Black and white prints (314x414 and 
4x5) are finished in 10 seconds. 

Color prints in both sizes: 60 seconds. 

Lantern slides, both line and continuous 
tone: ready to project in minutes. 

All told, there are 11 Polaroid Land film 
types you can use if you're in a hurry. And 


if you're not, you can use any conventional 
4x5 or roll film. 

Most subjects will go right on the lighted 
baseboard. Just focus with the eye-level re- 
flex viewer and shoot. For photomicrogra- 
phy, you can put a microscope under the 
special lensless shutter. Focus the same 
way. And for really big items like wall charts, 
you can swing the camera head 90°. The 
camera does the rest. 

We'll be happy to send you a free six-page 
brochure on this Polaroid MP-3 View Cam- 
era by return mail. Write Polaroid Corpora- 
tion, Technical Sales Department, Cam- 
bridge 39, Mass. 
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James H. BiLLINGTON, Perspectives—Science in Russian Culture 274 


An Associate Professor of History at Princeton teaching courses on Russian and Euro- 
pean intellectual history, Dr. Billington was a guest lecturer at the University of Lenin- 
grad in 1961, and deals more fully with problems raised in this article in his forthcoming 
“Intellectual History of Modern Russia.” 


Byron L. Jonwson, The Changing Role of Scientists 
in International Afairs 138A 


A Special Consultant to the Director of the Agency for International Development of the 
Department of State (Washington 25, D. C.), Dr. Johnson, has, in this capacity, traveled 
extensively on special and study trips. A Ph.D. of the University of Wisconsin, he was 
formerly Professor of Economics at the University of Denver. He was a U.S. Congress- 
man from Colorado and also served as a special assistant to Governor Steve MecNichols. 
This article was originally delivered as a talk to the Sigma Xi Chapter of Colorado State 
University, Fort Collins. 
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Kepco voltage/current regulated power supplies in the CK series 

come equipped with voltage/current mode indicators called uyy» 
Time saving and added utility are provided by these indicators 
which show at a-glance whether the power supply is in its 













voltage regulating mode or its current regulating mode. 
This indication is especially useful in the Kepco CK Models 
since they have extremely sharp cross-over characteristics. 
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NEWS AND VIEWS 


By the Board of Editors and the Membership of the 
Society of the Sigma Xi and the 
Scientific Research Society of America, RESA 


The Board ef Editors is pleased to 
announce the appointment of Dr. 
Robert A. Naumann as a Consultant, 
in succession to Dr. Walter J. Kauz- 
mann, who has requested release from 
his work for AMERICAN ScIENTIsT, be- 
cause of the pressure of his new re- 
sponsibilities as Chairman of the De- 
partment of Chemistry at Princeton 
University. We extend our thanks to 
Dr. Kauzmann for his generous ser- 
vices to the Editors in selecting books 
suitable for review in the field of chem- 
istry and proposing suitable persons to 
write these reviews. Professor Nau- 
mann will take over these duties and 
extend them to the areas of physics 
dealing with stable and radioactive 
isotopes, and to problems arising from 
their applications. Our two other 
Consultants, Professors George B. Field 
in the areas of astronomy and astro- 
physics and Richard O. Rouse, Jr. 
in psychology will, continue their work 
as Consultants in their respective fields. 


The National Executive Committee, 
at its Spring meeting, acted to approve 
several recommendations for improving 
a number of the Society’s activities. 

During the early part of 1963, the 
Executive Committee had authorized 
an audit of the Society by an outside 
firm of management consultants. Al- 
though specific changes were not rec- 
ommended, many questions were raised 
together with possible courses of future 
action. Following the Convention of 
December 1963, a Committee on Long- 
Range Planning was appointed and 
this group immediately set upon the 
task of studying the management survey 
item by item. 
` The first activity to be examined 
intensively was that of the National 
Lectureship Program and, based upon 
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the recommendations of the Com- 
mittee on Long-Range Planning, the 
Executive Committee has voted that: 


“1. The 1965-1966 Lecture Tours be 
reduced to two weeks per tour with: 
(a) Number of areas to remain 

the same (8). 

(b) Two lecturers per each area— 
one in the Fall and one in the 
Spring. 

2. The local chapters and clubs shall 
be given the option of having: 

(a) Fall or Spring lecturer (first 
ten requests received complete 
tours). 

(b) Standard Lecture or a Re- 
search Seminar. 

3. Each National Lecturer be paid 
an honorarium of $1000 (plus 
regular travel and subsistence ex- 
penses) in consideration of his 
willingness to give his lecture or 
conduct the research seminar at 
not more than ten different loca- 
tions within a two week period. 

4. The payment of the honorarium 
would be under the same require- 
ment as at present—upon sub- 
mission of manuscript to AMER- 
ICAN SCIENTIST.” 


At the direction of the 1962 Con- 
vention, President Rossini appointed 
a Committee to be known as the Com- 
mittee on Criteria for, and Election 
to, Membership. This Committee was 
active throughout 1963 and it was 
upon the recommendations of this 
group that the 1963 Convention voted 
to create the Chapter-at-Large. Study 
on the major task continues but without 
holding up the approval of worthwhile 
recommendations until the final report 
is complete. The Executive Com- 


(Continued on page 138A) 


5 Billion Programmable 


Frequencies 
from the 
NEW hp 
Frequency 
Synthesizer 


Discrete signals, dc to 50 mc 


Frequency increments from 0.01 cps to 10 mc 


Remote programming — 1 msec switching speed 


High stability and spectral purity — spurious signals 90 db down 


The new hp 5100A/5110A Frequency Synthe- 
sizer offers pushbutton convenience for fast, 
accurate selection of frequencies from 0.01 cps 
to 50 mc in steps as fine as 0.01 cps. Remote 
programming of frequencies may be accom- 
plished in less than 1 millisecond. The system 
consists of the 5100A Frequency Synthesizer 
and the 5110A Synthesizer Driver. All output 
frequencies are derived from a single 1 mc 
quartz crystal oscillator which has a long-term 
stability of +3 parts in 10° per day—or from 
your own frequency standard. Spurious signals, 
including power line components, are at least 
90 db down. Check the specifications, then call 
your nearest Hewlett-Packard field engineer for 
further information. Or write Hewlett-Packard 
Company, Palo Alto, California 94304, Tel. 
(415) 326-7000; Europe: 54 Route des Acacias, 
Geneva; Canada: 8270 Mayrand St., Montreal. 


Output frequency: 


Digital frequency 
selection: 


Spurious signals and 
harmonic distortion: 


Signal-to-phase-noise 
ratio: 


Frequency stability 
and accuracy: 


Output voltage: 


Output impedance: 


Search oscillator: 


External standard 
input: 


Price: 


HEWLETT 
PACKARD 


SPECIFICATIONS 


0.01 cps to 50 me 


From 0.01 cps per step to 10 mc per step; selection is by fro 


panel pushbutton or by remote contact closure 


Alt non-harmonically related signals including power line com 
ponents are more than 90 db below the selected frequency 


harmonics are more than 30 db below the fundamental! 


More than 60 db down in a 3 kc band centered on 
the signal 


With internal standard, less than 
with external standard, same as external standard 


lvrms +1 db from 100 kc to 50 mc; 1 v rms +2 db —4 
from 50 cps to 100 kc, into 50-ohm resistive load 


50 ohms nominal 


t3 parts in 10° per day 
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mt 


Allows continuously variable frequency selection with an incre 


mental range of 0.1 cps up to 1 mc, depending on the digit 
of full scale; lin 
earity with external voltage control is within +5 I to 


position being searched; dial accuracy is +3 


l or 5 mc, 0.2 v rms minimum, 5 v maximum across 500 ohm 


llv 


purity of output signal will be determined partially by purity of 


external standard 
5100A/5110A, $15,250 
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An extra measure of quality 


THE COMPLETED SIGMA XI—RESA NATIONAL LECTURESHIP 


PROGRAM 
1964-1965 


PACIFIC TOUR 
“From Gene To Character In Higher Plants” 
Dr. G. Ledyard Stebbins 
Universityeof California, Davis, California 
October 5-31, 1964 


MID-ATLANT#C TOUR 
“Systems Analysis and the Visual Orientation of Animals 
Dr. Talbot H. Waterman 


Yale University, New Haven, Connecticut 
October 19—November 14, 1964 


CENTRAL TOUR 
1. “Fifty Years of Physical Chemistry” 
2. ‘Portable Electrochemical Power” 
3. “Direct Use of the Sun’s Energy” 
Dr. Farrington Daniels 
University of Wisconsin, Madison, Wisconsin 
October 19—November 20, 1964 


SOUTHWEST TOUR 
“Production and Reactions of Free Radicals in Outer Space”’ 
Dr. Francis Owen Rice 
University of Notre Dame, Notre Dame, Indiana 
February 1-26, 1965 


SOUTHEAST TOUR 
“Role of Water in Igneous Processes Beneath the Earth’s Surface’ 
Dr. Richard H. Jahn 
Pennsylvania State University, University Park, Pennsylvania 
March 1-26, 1965 


PLAINS TOUR 
“Forty Years of Active Centers” 
Dr. Michel Boudart 
University of California, Berkeley, California 
March 8—April 3, 1965 


MID-WEST TOUR 
“Color Naming in Color Space” 
Dr. Alphonse Chapanis 
The Johns Hopkins University, Baltimore, Maryland 
March 15-April 9, 1965 


NORTHEAST TOUR 
“The Fine Structure of the Bacterial Cell and the Possibility of its Artificial 
Synthesis” 
Dr. Ernest C. Pollard 
Pennsylvania State University, University Park, Pennsylvania 
March 22-April 16, 1965 
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pH 4-5 with electrical compensations. 








0.2 pg./ml. P6. 250 ug./ ml. 
Cu present in acetate buffer 


S 1/6. Polarogram from ` 
the Davis-Southern A-1670. 
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Newest development in Polarography— 
over 100 times more sensitive than con- 
ventional instruments...for quick, easy, 
economical operation in routine analyt- 
ical work, as well as research analysis 


THE ALL-NEW A-1670 
“ DAVIS- SOUTHERN CATHODE RAY 





POLAROTRACE 


The Cathode Ray Polarotrace can be used for the deter- 
mination of most substances (organic and inorganic) for 
which methods have already been developed by other 
types of polarographic instruments, with the additional 


© BASE LINE SLOPE CORRECTION 
e CAPACITY CURRENT COMPENSATION 
è STANDING CURRENT COMPENSATION 


© FORWARD/REVERSE SWEEP: valuable 
in the study of oxidation reactions and 
reversibility 


è HIGH TOLERANCE TO PRECEDING 
REDUCTIONS 


è AUTOMATIC SYNCHRONISM 


© R C DERIVATIVE: differentiating con- 
stants of 10 ms, 30 ms, and 100 ms 


è Noise level equivalent to an input 
current of less than 10-10 amp. 


© A new Electrode Stand which incorpo- 
rates a mechanism for knocking the 
drop off the capillary 


A Product of 
Southern Analytical 
Camberley, Surrey, England 





advantages of superior sensi- 
tivity, better resolution, ease 
and rapidity of operation, 
reliability, direct display and 
built-in derivative operation. 
Chemical preparation is, in 
most cases, considerably sim- 
plified, speeding up actual 
analysis. | The wide range of 
applications includes Metal- 
lurgical Analyses, Effluent and 
Water Analyses, Food and 
Drink Quality Control, Agri- 
cultural Research, Medical 
and Cancer Research. 


PROVIDES 
A COMPLETE POLAROGRAM 
EVERY 7 SECONDS! 
The entire change of potential 
is effected during the lifetime 
of a single mercury drop... cut- 
ting analysis time to a fraction! 


For detailed 


information, 808 BROADWAY 
send for NEWYORK, N. Y. 10003 


Bulletin AS-285 


= STANDARD SCIENTIFIC 


SUPPLY CORP. 


1321 WEST 11th STREET 
LOS ANGELES, CALIFORNIA 90015 


312 HARBOR WAY 
SOUTH SAN FRANCISCO, CALIF. 





(Continued from page 184A ) 


mittee has, accordingly, upon the rec- 
, ommendation of the Committee on 
Criteria for, and Election to, Member- 
ship, voted that: 


“A standard form for the nomination 
of Members and Associate Members, 
drawn up under the direction of 
the National Executive Committee, 
be used in the process of nominating 
Members and Associate Members 
in all Chapters.” 


It is expected that this new form will 
be available for Chapters in the fall 
after its final approval by the Executive 
Committee in October. 


The annual convention of The Society 
of Sigma Xi will be held December 29, 
1964, at the Hotel Queen Elizabeth, 
Montreal, Canada. Dr. René Dubos of 
The Rockefeller Institute will give the 
Sigma Xi-Phi Beta Kappa address. 


THE CHANGING ROLE OF 
SCIENTISTS IN INTERNATIONAL 
AFFAIRS 


BY BYRON L. JOHNSON 


The Scientist in Government: The 
business of government has always re- 
quired some understanding of the role of 
science and engineering. Every govern- 
ment has required help in transporta- 
tion, defense, water supply, health, and 
sanitation. The level of scientific in- 
sight required, however, was typically 
within the ken of intelligent laymen. 
There are always a few intelligent lay- 
men, but only a very few who in fact 
mastered a great deal of scientific 
knowledge; in our own society, one 
thinks of Benjamin Franklin or Thomas 
Jefferson. 

Usually, however, those in charge of 
government have had to take on faith 
the advice and counsel of the scientist, 
and have been content to give him 
freedom to operate without knowing 
fully what he was doing or why. There 
has always been the problem of estab- 
lishing sufficient public understanding to 
permit and support the research and 
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experimentation of the scientist, to 
finance his laboratories as well as the 
classrooms. But over the years, the 
public has seen enough that was useful, 
among the much that was new, to justify 
the public outlays and to permit scien- 
tific freedom. Yet the university as well 
as the government have been divided. 
C. P. Snow has suggested the thesis of 
Two Cultures, existing side by side, but 
not in full communication with each 
other. This may be an oversimplifica- 
tion, and an exaggeration of the differ- 
ence between science and the human- 
ities. But each one of us knows and can 
observe within our own life that the 
thesis has some merit. 

Science as Universal Truth: Science by 
nature is universal, and universal 
truth. The truth is not a national mo- 
noply of ours, the Russians, the Germans, 
or others. Science has built upon the 
discoveries of all, whether you start with 
the mathematical system of the Per- 
sians, the astronomy of the Middle East, 
the rational philosophy of the Greeks, 
or the engineering of the Romans. The 
fact is that every generation of all man- 
kind builds upon all prior accomplish- 
ments, to the extent man knows that 
which has gone before. 

Politics, on the other hand, is the art 
of gaining and using power. It has 
tended to be parochial and provincial, 
or becoming, in our century, national. 
The conflict between the nationalist 
pressures of politics and the inter- 
nationalist thrust of science has es- 
pecially plagued our generation. Our 
resolution of the conflicts has been a 
series of partial concessions on every 
side. Politics and “national interest” 
have demanded of both scientist and 
bureaucrat the use of security regula- 
tions, classification, or other restraint in 
publication, in an earnest effort to hide 
within that restraint our glimpses of the 
truth. Science has fought a partial and 
troubled rear-guard action against such 
pressures. 

During the past generation the major 
powers, through political machinery, 
have made the concessions much sweeter 
by wooing science with every financial 
inducement. Funds have been available 
for rocketry, for aeronautics, and for 
astronautics. The challenges are: “Let’s 


Low-Level Signal Recovery 
Instruments 

Lock-in amplifiers (phase-sensitive 
detectors) continuously tunable 1.5 
cps to 150 kc for the recovery of 
signal intensity information from 
noise. $990 to $1350. 

Write for Bulletin No. 111 


Magnetic Susceptibility Measurements 

Vibrating Sample Magnetometer with 

high sensitivity and wide dynamic 

range for measuring magnetic 

moments of solids, gases and liquids. Low Noise, High Gain Amplifier 

$12,500. Write for Bulletin No. 110 Extremely low-noise pre-amplifiers 
to greatly extend operating range 
of lock-in detectors and for general 
small signal applications. $575 to 


Precision $680. Write for Bulletin No. 114 
- ie wa), SHE: 


for pay rr S 


Voltage /Current Reference Sources 
egean Completely solid state, voltage / 
current reference supplies with 


0.001% stability, 0.01% absolute 
accuracy and up to 7 decades 
resolution. $1185 to $2200. 
Write for Bulletin No. 112 


Plasma Diagnostics 
f Microwave Interferometers of the 
$. “zebra stripe” display type at 
a, | discrete frequencies up to 140KMC 
Digital Voltmeters . (2mm) for measuring electron 
World's smallest transistorized . densities in plasmas. $16,000 to 
digital panel meter with truly eoa $48,500. Write for Bulletin No. 104 
floating and guarded differential i 
input circuit and other outstanding 
operating characteristics. $995 to 
$1070. Write for Bulletin No. 107 


Openings exist for permanent positions 


in our R&D Department. Write to 
the attention of the personnel director. 


P 
W PRINCETON APPLIED RESEARCH CORP., Box 565, Princeton, N. J., Tel: 799-1222 (609) 





139A 


go to the moon! Let’s explore outer 
space! Let’s bore a hole through the 
*earth’s mantle! Let’s examine the cell 
and the secret of life! Let’s build an 
airplane which will go three times the 
speed of sound!” Do not question the 
price; let the scientist set the price; the 
politician will provide the funds. Re- 
search and development have been 
favored with untold ‘billions, every year, 
recently. ° 

Indeed, in preparing the U.S. reply 
to the UN on the economic and social 
consequences of disarmament, we gave 
serious thought to the problem of 
transforming scientific resources to 
civilian uses when the heavy military 
bias of present scientific research has 
been taken away. For we have not asked 
the scientist what did he think was the 
most important thing to do. We have 
offered him funds if he would set his 
mind to answering parts of the question 
that the politician has chosen, and those 
funds have been generous in the 
extreme. 

The Scientist as Soldier: Governments 
have long been among the patrons of 
science. Governmental checkbooks have 
been ample for those items which, at 
any given moment, have been most 
popular. In the past quarter century, 
the international competition in defense 
machines, weapons, technology, and 
logistic support has demanded and 
commanded the time and talents of an 
increased number of the scientific 
community. The scientist’s role has 
been heavily dictated by the conception 
of the national interest. The scientist has 
been asked to serve as an intellectual 
sleuth, to be secretive, to outthink each 
possible adversary, to develop every 
possible defense against every possible 
attack of the opponent. 

But we face a changing awareness of 
what is the national interest as we go 
into the last one-third of the 20th 
century. For we now recognize, with 
respect to the major powers, the 
existence of a nuclear stalemate. 

The Scientist as Peacekeeper: In re- 
cent years, there has been a growing 
concern of the risk to all humanity of 
further proliferation of nuclear knowl- 
edge. Dr. Davidon’s paper, “The 
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Nth Country Problem” years ago made 
clear that a dozen more nations could 
afford to buy into the nuclear club; 
and, as you know, the French have 
about made it. One or two other nations 
may soon be admitted to the club. 
Under these circumstances, the risks of 
proliferation, the risks of escalation of a 
small dispute, and the risks of war by 
accident, all threaten genocide not just 
of one class or tribe, but of humanity 
itself. As President Johnson so ef- 
fectively stated, “There are no victors 
in war, no losers in peace.”’ 

But all of this poses new problems 
for scientists. About the time that 
Congressmen Kastenmeier and I co- 
sponsored the National Peace Agency 
Bill in 1960, Senator Kennedy co- 
sponsored a similar bill for an Arms 
Control and Disarmament Agency. A 
year later the Kennedy proposal, under 
Kastenmeier’s sponsorship, became law. 
Scientists are now asked to think about 


fail-safe systems, about inspection, 
detection, and related peacekeeping 
matters. Scientists as well as ad- 


ministrators are being forced to think in 
new categories. 

Some years ago at Pugwash, scientists 
from both sides of the Iron Curtain 
undertook discussions which have con- 
tinued almost every year thereafter. 
Such discussions are needed now more 
than ever to restore that essential 
minimum of confidence and trust in 
each other, without which no successful 
negotiation is possible. We need to be 
holding such conversations among 
scientists, journalists, citizens, and 
politicians, in order that we correctly 
understand each other. For, the alter- 
native of misunderstanding threatens 
our survival itself. Fortunately, 
scientists are now working diligently at 
solving peacekeeping questions, both in 
the home countries and as advisers to the 
delegations to the UN 18-nation Dis- 
armament Committee now in session at 
Geneva. 

The Scientist as a Diplomat: With 
every passing year, the interdependence 
of man becomes more evident. It was 
out of a deep sense of history that 
President Kennedy chose July 4, 1962, 

(Continued on page 143A) 


Solution by simulation 


HOW TO SIMULATE A “WAY-OUT” PROBLEM 
ON A DESIGNER'S DESK 


A simplified method of studying 
models of airborne systems (whether 
STOL, SST or anything between) is 
being used successfully by aerospace 
engineering groups. Small scale ana- 
log computers, compact enough to fit 
6n a desk top, have simulated the var- 
ious control and propulsion elements 
of a growing list of complex airborne 
devices. They have also provided an- 
swers to problems in stress and vibra- 
tion analysis and heat-transfer studies. 

Having "built" a computer model of 
the system under test, the designer 
can make it react in a manner similar 
to the dynamic behavior of the real 
system in flight. Analog simulation per- 
mits dynamic analysis under varying 
operating conditions—applied simply 
by changing coefficient potentiome- 
ter settings. 


Balloons in Aerospace 


Even balloon-borne telescopes en- 
ter the aerospace realm, as in the de- 
sign study made at Perkin-Elmer Cor- 
poration for Stratoscope Il. The sys- 
tem is lifted by balloon to 80,000 feet, 
a level free of atmospheric turbulence. 
Stratoscope || provides photographic 
and spectrometric coverage of planets 
and galaxies. The star-tracking guid- 
ance system is designed to yield 0.02 
arc—second tracking accuracy. 

The pointing servos, simulated on 
EAI desktop analog computers, are 
highly non-linear, having a sensor 
with a linear zone equal to 1/600 of 
its operative range and a total d-c 
loop gain of over 3,000,000. Accord- 
ing to Perkin-Elmer engineers the com- 
puters were extremely reliable and 
“their predicted servo response cor- 
related very closely with measured 
performance in the actual system.” 

Perkin-Elmer designers also simu- 
lated the astronomer's manual radio- 
control, coarse pointing system for the 
telescope and the optical sensors of 
the guidance system. By using simula- 
tion, the engineers obtained consid- 
erable data which confirmed the de- 


sign concept. 





Togls for Model Building 


EAI has two fully transistorized 
desk-top computers which offer simple 
operation and programming. They re- 
quire no Special power or environ- 
ment. The TR-48, a 48-amplifier com- 
puter, is capable of solving complex 
problems involving high-speed repeti- 
tive operation and iterative tech- 
niques. It is a sophisticated unit oper- 
able by a researcher or systems en- 
gineer with a minimum of training. The 
smaller and highly portable TR-20, the 
ideal starting computer, is also a suc- 
cessful research tool, capable of solv- 
ing many problems formerly associ- 
ated with large-scale computers. 





A free computer operations course 
is provided with every TR-20 and 
TR-48 purchase at one of the com- 
pany's computation centers. In addi- 
tion, EAI offers tuition courses in areas 
throughout the country (send for de- 
tails and date of next course). 

Every new owner of an EAI com- 
puter automatically becomes a partici- 
pant in the growing EAI Applications 
Library, and is eligible to receive simu- 
lation studies pertaining to all catego- 
ries of research and design. 

Send for detailed literature on 
EAI TR-20 and TR-48 analog com- 
puters, or arrange for a problem- 
solving demonstration in your plant 
or office—at no charge. 





ELECTRONIC ASSOCIATES, INC., Long Branch, New Jersey 


ADVANCED SYSTEMS ANALYSIS AND COMPUTATION SERVICES/ANALOG COMPUTERS/HYBRID ANALOG-DIGITAL COMPUTATION EQUIPMENT / SIMULATION SYSTEMS/ 
SCIENTIFIC AND LABORATORY INSTRUMENTS/INDUSTRIAL PROCESS CONTROL SYSTEMS/PHOTOGRAMMETRIC EQUIPMENT/RANGE INSTRUMENTATION SYSTEMS/TEST 
AND CHECK-OUT SYSTEMS/MILITARY AND INDUSTRIAL RESEARCH AND DEVELOPMENT SERVICES/FIELD ENGINEERING AND EQUIPMENT MAINTENANCE SERVICES. 
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Processing research program is directed toward enriching the technology Control Systems 


The /nformation 


to national defense and space exploration. 


Space Surveillance Techniques 


Re-entry Physics 


f digital cemputers, developing improved techħiques for automatic data 


, and increasing understanding of the interaction 


etween computers and their users. 


rocessing systems 


Space Communications 


All qualified applicants will 


ceive consideration for employment without regard to race, creed, 


A description of the Laboratory's 


Lincoln Laboratory, Massachusetts Institute 





olor or national origin. 
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as the time, and the steps of In- 
dependence Hall in Philadelphia as the 
place, not to re-read the “Declaration of 
Independence,” but to read a new 
Declaration of Interdependence. More 
rapid communication, greater travel, 
greater income, and a growing number 
of centers of scientific activity, all work 
to help make clear that there are many 
more opportunities and a much greater 
necessity for international scientific 
cooperation. 

The U.S. belongs to a growing number 
of international agencies. Each year 
there are more formal international 
conferences where scientists must serve 
as advisers, or as representatives of their 
governments. Such conferences concern 
global matters of meteorology and 
aeronautics, of oceanography and 
atomic energy, of health and of food 
supply. There are more and more 
technical professional and scientific 
meetings within each of the various 
regions of the world. The UN Regional 
Economic Commissions for Asia and the 
Far East, Latin America, Europe, and 
Africa each involve more and more 
scientists in diplomatic roles. 

Scientists are increasingly sought as 
advisers to both the bureaucracy and 
the legislative bodies. A deep sense of 
concern in the White House led to the 
creation of an office of Science Adviser 
to the President. There is also a Science 
Adviser to the Secretary of State. Some 
of my colleagues who served as junior 
members of Congressional committees 
which annually authorize billions of 
dollars for scientific research were 
keenly aware of their need for competent 
but disinterested scientific advice. There 
are no physical scientists, apart from 
medical doctors, elected to the Congress. 
Perhaps it is a good idea for some state 
to consider electing a competent 
scientist to public office. Since public 
policy requires a capacity for informed 
judgment in scientific matters, perhaps 
a few scientists might serve in elective 
office. 

In any case, those in elective office 
must seek out the best scientific advice 
they can get. They welcome the expres- 
sion of those few leaders in the scientific 
community who dare to comment on 
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issues of public policy that lie within 
their own areas of competence. For the 
risk is that the only advice which 
administrators and legislators will 
normally get will come from scientists 
whose academic and research connec- 
tions may give them a vested interest so 
strong that their advice may tend to re- 
flect their personal welfare rather than 
promote the general welfare. The 
scientific community should keep this 
question high on its agenda. 

The Scientist as International Re- 
porter: The Office of International 
Scientific Affairs in the Department of 
State, now headed by Dr. Ragnar 
Rollefson, distinguished professor of 
physics at the University of Wisconsin, 
employs scientists in at least 17 overseas 
posts, and the office anticipates estab- 
lishing more such posts. The role of 
international scientific reporter is a two- 
way role. Information is being fed from 
these countries to the U.S.; such per- 
sons also provide an additional chan- 
nel of information from the U.S. scien- 
tific community into these countries. 

As a simple illustration of its possible 
significance, let us consider the report of 
Dr. H. N. L. Chinn, a deputy scientific 
attaché at the American Embassy in 
Bonn, Germany. He submitted the first 
comprehensive scientific report to our 
government as to the side effects of 
Thalidomide, December 22, 1961. This 
information, while slow in getting to her, 
was helpful to Dr. Kelsey’s efforts. Now, 
steps are being taken to see to it that 
the information received from the field 
promptly reaches the desks in the U.S. 
where it will be most understood and 
useful. 

There may be a task of recruiting 
persons who are both sufficiently com- 
petent specialists to command respect 
abroad, and yet are generalists enough to 
serve as reporters across the whole 
scientific spectrum. I trust that 
Colorado State University is now 
training young scientists who can see not 
only the disease on the leaf on the tree, 
yet also comprehend the whole forest as 
well. 

The Scientist as International Saviour: . 

In the years following World War II 
there has been a growing zeal for 
development. During the war years the 
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One of a series briefly deseribing GMs 
research in depth 


SQUARE LOOP FERRITES NOW IN 
ODDBALL SHAPES 


Here at the Laboratories, a recent spill-over 

from our fundamental research in magnetic oxides 
has resulted in a new fabrication technique for 
ceramic ferrites. It makes ferrites of virtually 

any type or shape practicable: permanent 
magnetic ferrites, high frequency core materials, 
computer elements with square hysteresis loops. 


The new “‘cookie cutter” process begins with 
ferrite powder mixed with a plastic binder 

on a rubber mill. From the resulting flexible 
sheets, ferrites of any desired shape can be cut or 
molded—easily and economically—before the 
special presintering and sintering treatments. The 
fred ferrites shrink evenly and are exceptionally 
uniform in material density and magnetic 
characteristics. 


Our electronics engineers have found the new 
technique particularly valuable for making 
wafer-thin ferrites used in computer memory 
cores and switching circuits. Practical develop- 
ment of these and other applications 1s 
continuing as a team effort of the Laboratories 
and GM divisions. This work is another 
example of the advances in technology 

being made by GM’s research in depth. 


General Motors Research Laboratories 


Warren, Michigan 





Hysteresis loop from ferrite memory 
core prepared by new GMR process. 


Institute for Inter-American Affairs 
under Nelson Rockefeller made 
significant contributions in the fields 
of health and education in Latin 
America. Death rates have fallen 
sharply, which leads to the misnamed 
“population explosion.” Technical co- 
operation programs were launched not 
only by the U.S., but by the UN, and 
increasingly by various other countries. 
Now, even little Israel is sending 
scientists and technicians into other 
countries to help in their development. 

What these programs need, of course, 
are scientists who can serve overseas as 


diplomats, administrators, demon- 
strator-salesmen, teachers, bureaucrats, 
inventors, explorers, adventurers, 


linguists, and handymen. I trust that 
the students in classes at the universities 
are not only learning science but also 
these many other arts and skills, that 
they may serve more effectively inter- 
nationally. 

The scientist can serve as an inter- 
national servant though he remains his 
whole life in his own classroom, or his 
own laboratory. For he has foreign 
students who will be in his classroom 
and in his laboratory and as he 
inculcates the centrality of integrity to 
these foreign visitors, he performs a 
vital task. As he excites their minds 
with the vision of the future, he becomes 


a missionary of progress. But he is a 
missionary who need not leave home. 
He need not be Ulysses to know, as 
Tennyson tells it: 


“Yet all experience is an arch where- 
through gleams that untraveled world 
whose margin fades forever and forever 
when I move.” 


And he must teach „the importance 
of changes. If, in the U.S., we find 
ourselves doing some procedure the 
same way we did it five years ago, we 
stop and re-examine the situation. 
For we are convinced that surely there 
is a better way by now. Unhappily, the 
problem of development is a problem of 
working within societies that remain 
hostile to change, that believe that old 
ways are necessarily the best ways, that 
new ways are threatening. 

The scientist must pursue truth with 
a singleness of purpose, for the truth 
will make us free. Yet the scientist must 
also be a full participant in humanity. 
The day must come when we disprove 
the thesis of two cultures by a blending 
of the two cultures. The scientists must 
understand and support the humanities 
and the social sciences as well, and join 
them in taking a completely human view 
of human beings. This must in- 
creasingly become the role of the 
scientist in international affairs. 
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TO THE MEMBERSHIP: 





BOOKS RECEIVED FOR REVIEW 


Our readers are reminded that this section of their journal is intended 


to be an information service listing first editions of the most important new scientific 
__ hardbound and paperbound books received for review in our Princeton Editorial Offices. 
Titles are for late 1963 and 1964 publications unless otherwise noted. 


From Academfgc Press: 


Micromanipulators & Muicromanipula- 
tion by H. M. E.-Bapry; 334 pages; 
$15. 

Advances in Inorganic Chemistry & 
Radiochemistry, Vol. 5, edited by 
H. J. EMELEUS & A. G. SHARPE; 
429 pages; $14.50. 

Advances in Physical Organic Chemistry, 
Vol. 2, edited by V. Gop; 288 pages; 
$10; 63s; London & New York. 

The Transfer of Calcium & Strontium, 
edited by R. H. WASSERMAN; 443 
pages; $11.50. 

Fundamental Topics in Relativistic Fluid 
Mechanics & Magnetohydrodynamics, 
edited by ROBERT WASSERMAN & 
C. P. WELLs; 241 pages; $8.50. 

Generic Names of Orchids, Their Origin & 
Meaning by R. E. Scuutrses & A. S. 
PEASE; 331 pages; $12. 

Craigies Neuroanatomy of the Rat, 
revised by W. Zeman and J. R. M. 
INNEs; 230 pages; $8.50. 

Non-Stoichiometric Compounds, edited by 
L. MANDELCORN; 674 pages; $22.50. 

Non-Linear Wave Propagation with Ap- 
plications to Physics & Magnetohy- 
drodynamics by A. Brerrrey & T. 
TANIUTI; 369 pages; $12. 

Pulmonary Deposition & Retention of 
Inhaled Aerosols by T. F. HATCH & 
P. Gross; 192 pages; $5.95 cloth; 
$3.45 paper. 

Metabolic Inhibitors, A Comprehensive 
Treatise, edited by R. M. HOCHSTER 
& J. H. QUASTEL; $24. to subscribers. 

The Monosaccharides by J. STANEK 
et al.; 1006 pages; $32. 

Primary Processes in Photosynthesis by 
M. D. Kamen; 183 pages; $5.50. 

The Physiology & Biochemistry of Her- 
bicides, edited by L. J. Aupus; 555 
pages; $16.50; London. 

X-Ray Optics & X-Ray Microanalysis, 
edited by H. H. PATTEE, et al.; 622 
pages; $22. 

Radiation, Radioactivity, & Insects by 
R. D. O’Brien & L. S. WoLFe; 211 
pages; $5.95 cloth; $3.45 paper. 

A Photographic Atlas of Shark Anatomy 
by C. Gans & T. S. Parsons; 106 
pages; $3.95 paper. 

Advances in Child Development & Be- 
havior, edited by L. P. Lirsirr & 
C. C. SPIKER; Vol. I; 387 pages; $12. 

Non-Glycolytic Pathways of Metabolism 
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of Glucose by 8. HOLLMANN, translated 
from the German & revised by O. 
TOUSTER; 276 pages; $12. 

Advances in Virus Research, Vol. 4, 
edited by K. M. Smıtu & M. A. 
LAUFFER; 277 pages; $11.50. 

Cellular Membranes in Development, 
edited by M. Locxkn; 382 pages; $12; 
(The Twenty-Second Symposium, 
The Society for the Study of Develop- 
ment Growth, Storrs, Connecticut, 
June 1963). 

Advances in Metabolic Disorders, Vol. 1, 
edited by R. Levine & R. LUFT; 
366 pages; $12. 

Advances in Space Science & Technology, 
Vol. 5, edited by F. I. ORDWAY, 
III; 334 pages; $13. 

Advances in Protein Chemistry, Vol. 18, 
edited by C. B. ANFINSEN, JR., et al.; 
335 pages; $14. 

Chemical Applications of Infrared Spec- 
troscopy by C. N. R. Rao; 683 pages; 
$19.50. 

Advances in Biological & Medical 
Physics, Vol. 9, edited by J. H. 
LAWRENCE & J. W. Gorman; 496 
pages; $16. 

The Formation of Wood in Forest Trees, 
edited by M. H. ZIMMERMANN; 562 
pages; $16. (Symposium at Harvard 
Forest, Petersham, Mass. ). 

Evolutionary & Genetic Biology of 
Primates, Vol. II, edited by J. BUETT- 
NER-JANUSCH; 330 pages; $12.50. 

Discrete & Continuous Boundary Prob- 
lems by F. V. ATKINSON; 570 pages; 
$16.50. 

Energy Band Theory by J. CALLAWAY; 
357 pages; $10. 

Theory of Superconductivity by J. M. 
BLATT; 486 pages; $12.50. ~ 
Photophysiology, Vol. I: General Prin- 
ciples; Action of Light on Plants; 
377 pages; $14; Vol. II: Action of 
Light on Animals & Microorganisms; 
Photobiochemical Mechanisms; Bio- 
luminescence, edited by A. C. GIESE; 

441 pages; $15. 

Ionization in High-Temperature Gases, 
edited by K. E. SHULER & J. B. 
FENN; 409 pages; $5.75. 

International Review of Experimental 
Pathology, Vol. 2, edited by G. W. 
RICHTER & M. A. EPSTEIN; 446 pages; 
$16. 

(Continued on page 150A) 
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Mode! PHM28 


the Radiometer pHM28 Meter has many other applications 
for pH measurement, titration or control. It is low in cost but high in quality and stabil- 
ity, and completely free of zero drift. With 0.02 pH reproducibility on a large mirrored 
and folded scale (0-10, 6-14 pH), it can be used for redox and dead stop end point 
titrations (Karl Fischer), and for external recorders. 

A matching control unit (Model TTT11) converts pHM28 to an automatic titrator or 
for pH control, and electrodes are available for many applications to match the 
convenient and integral electrode stand. 


There are many other features —ask for literature and prices. 


THE LONDON COMPANY 


811 SHARON DALVE, WESTLAKE, OHIO 
RADIOMETER {f} COPENHAGEN 
In Canada: Bach-Simpson Limited, Box 2484, London 





The 6061-A audio spectrum analyzer is 
an up-to-the minute solid state adapta- 
tion of our 661-A Sona-Graph. It pro- 
vides the same permanent visual records 
of Amplitude vs Frequency, Amplitude 
vs Time, and Frequency vs Time vs 
Amplitude, BUT in less than ONE- 
THIRD THE PREVIOUS TIME and 
with increased clarity. 


Plug-in Filter 


In order to maintain continuity in interpreting 
audio records via the well known patterns of 
the Sona-Graph, the original filter bandpass 
characteristics have been maintained. In order 
to add new flexibility, the filter assembly has 
been made as a front panel plug-in unit. It 
can be interchanged with other filter plug-ins 
to give special displays, higher resolution, etc. 
Both the Amplitude Display and the Scale 
Magnifier units are also available as plug-in 
heads. 


Variable AGC 


A further step to provide flexibility in addition 
to established characteristics has been taken by 
providing a variable AGC compression control. 





85 CPS TO 8000 CPS _ 
AUDIO SPECTRUM ANALYZER 


yee! KAY 


Sona- Graph 


6061-A 





Single Compact Unit 


The 6061-A is a compact, single unit, in plac 
of the previous three plus accessories. It 
new dimensions of 25 x 20 x 1814”, includin; 
accessories, makes installation much easier. / 
new modular construction using high-grad 
glass-epoxy printed circuit units makes a mucl 
more rugged unit, fit for a more demanding 
environment. It also provides for real ease o: 
maintenance. Components and test points arı 
more easily accessible, and complete sub-cir 
cuits can be replaced in minutes. 


As on later models of the 661-A, the 4 incl 
drum is interchangeable with a 12 inch drun 
when a larger recorded display is desired 
Additional new features include selectable 
linear or logarithmic frequency scale expan. 
sion and a 500 eps calibrating signal. Excellent 
stability and reliability is assured by the use 
of silicon transistors. 


The Spectrograph 


The Sona-Graph is a sound spectrograph whict 
produces permanent, visual records of complex 
audio-frequency waves and provides three dif. 
ferent recorded analyses of these waves. The 
first of these analyses (see Display No. 1) 
relates frequency and intensity to time; the 
second (see Display No. 2) relates intensity 
(over a wider dynamic range than the first) 
to frequency at any selected time; the thirc 
relates the average available amplitude tc 
time. 


Visual Records 


The visual records which contain the analyses 
of the recorded waves are made on non-photo- 
graphic, current-sensitive, facsimile-type 
paper. The paper is mounted on a drum whose 
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xis is the same as the turntable on whose 
eriphery the continuous magnetic recording 
ilm is deposited. This arrangement provides 
\utomatic time synchronization. The record is 
raced by a stylus which advances upward and 
it the same time changes the apparent center 
‘requency of the analyzing band-pass filter. 
\ high-frequency current applied to the stylus 
s varied in amplitude in proportion to the 
umount of energy passed by the bandpass 
ilter. The first type of record obtainable (see 
Jisplay No. 1) displays time on the abscissa, 
‘requency on the ordinate, and intensity as 
ihading between gray and black. The second 
ype of record (see Display No. 2) displays in- 
ensity in db vs. frequency at as many as six 
‘elected times. This display has a dynamic 
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TIME 
DISPLAY #1 
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AMPLITUDE —— —TI ME 
DISPLAY #2 


range in intensity of 35 db. The third type of 
record (see Display No. 3) displays average 
available amplitude vs. time within a dynamic 
range of 34 db maximum. These visible speech 
records can be read and phonetic studies made 
with these displays. 


SPECIFICATIONS 


Frequency Range: 85 to 8000 cps. 
Response: + 2 db over entire range. 
Resolution: 45 and 300 cps. 

Recording Time: Any selected 2.4 seconc 


interval of any audio signal within fre 
quency range. 

Recording Medium: Magnetic tape. 
Aspect Ratio of Sonagram: 4” by 12” witt 
4 inch drum; 4” by 37.5” with 12 inch drum 


Record-Reproduce Amplifier Characteristics 
Flat, or approx. 15 db High-frequency pre 
emphasis for voice studies. 

Microphone: Altec-Lansing 633A dynamic 


Input Impedance: 50 ohms, low level; 60( 
ohms and 10K, high level. 

Power Supply: Input approx. 100 watts 
117 volts (+ 10%) 60 cps (50 cps operatior 
on request), Power Supply electronicall: 
regulated. 

Dimensions: 25” h by 20” w by 1812” d. 
Weight: 95 lbs. 

Accessories Supplied: 250 sheets Sonagran 
recording paper, Type B; Sectioner Micro 
meter Plate No. 668-A. 
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(Continued from page 146A) 

Methods in Carbohydrate Chemistry, 
Vol. 4, edited by R. L. WHISTLER; 
335 pages; $13.50. 

Advances in Lipid Research, Vol. 1, 
edited by R. Paoterr1 & D. KRIT- 
CHEVSKY; 418 pages; $14. 

Lipid Pharmacology, Vol. 2 of Medicinal 
Chemistry, edited by R. PAOLETTI; 
538 pages; $17.50. 


From Addison-Wesley : 

Elementary Biophysics, Selected Topics 
a T. ĘPsTEIN; 122 pages; $1.75; 
1963. 

Linear Algebra by P. C. SHIELDS; 288 
pages; $7.50. 

Introduction to Functional Analysis 
by B. Z. VuLIKH; 404 pages; $10; 
1963. 

College Calculus with Analytic Geometry 
by M. H. Prorrer & B. Morrey, 
JR. ; 897 pages; $11.50. 

Elements of Mechanical Analysis by 
Aa MIscHKE; 386 pages; $9.75; 
1 i 

Algebraic Numbers by S. Lana; 163 
pages; $7. 

Sequential Machines: Selected Papers, 
edited by E. F. Moore; 266 pages; 
$7.50. 

Nuclear Chemistry & Its Applications 
by M. Harssrnsky, translated from 
the French by D. G. Tuck; 834 
pages; $22.50. 


From Aldine Publishing Co. 


Mounds of the Near East by 8. LLoyd; 
120 pages; 30 plates; no price given. 
Monsoon Lands of Asia by R. R 
Rawson; 256 pages; $6. 

Sturgeon Hooks of Eurasia by G. de 
RouHAN-CSERMAK; 155 pages; $6. 

A Hundred Years of Metallurgy by 
W. H. Dennis; 342 pages; $8.95. 

Physical Chemistry by A. J. MEE with 
J. C. SPEAKMAN; 719 pages; $5.95. 

Introduction to Atomic & Nuclear Physics 
by D. E. Caro et al.; 222 pages; 
$6. 


From Basic Books: 


Introducing Science by A. Isaacs; 244 
pages; $4.95. 

Beyond Time by M. SIFFRE; 228 pages; 
$4.95. 

100 Problems in Elementary Mathema- 
tics by H. Srermnnaus; 174 pages; 
$4.95. 

Life Beyond the Earth by V. A. Frrsorr; 
320 pages; $7.50. 


From Doubleday & Co.: 

Science Study Series Anchor Paper- 
bound Originals: Waves & Beaches by 
W. Bascom; 267 pages; $1.45; Fara- 
day, Maxwell, & Kelvin by D. K. C. 
MacponaLp; 143 pages; $1.25; Ru- 
therford & the Nature of the Atom 
by E. N. pa C. ANDRADE; 218 pages; 
$1.25. 
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American Museum Science Books, Nat- 
ural History Press: A Short History 
of Biology by I. Asrmov; 183 pages; 
$1.25 paper; also hardbound. 

Africa & Africans by P. BoHANNAN: 
260 pages; $1.25 paper; also hard- 
bound. 

Photographing Nature by D. LINTON; 
262 pages; $1.95 paper. 

Invitation to Anthropology by D. L. 
OLIVER; 102 pages; $0.95. 

Charles Darwin by G. DE BEER; 290 
pages; $4.95. 


From Gordon & Breach: 


Quantum Field Theory & the Many-Body 
Problem (Introductory Lectures) by 
T. D. Scuuurz; 150 pages; $6.95 
cloth; $3.95. Vol. 1 in the Series. 

Telemetry (Monographs on Rockets & 
a by R. E. Young; 78 pages; 

95 


Point Defects in Metals by A. C. DAMASK 
& G. J. Dienes; 314 pages; $19.50; 
Professional edition, $9.50. 


From Harper & Row: 

Cognition—Theory, Research, Promise, 
edited by C. ScHEERER; 226 pages; 
$4. (Papers from the Martin Scheerer 
Memorial Meetings, University of 
Kansas, May 1962). 

The Oculomotor System, edited by M. B. 
BENDER; 556 pages; $16. (Hoeber 
Medical Division). 

Statistics, An Introductory Analysis by 
T. YAMANE; 734 pages; $8.75. 

Reference Groups (Exploration into 
Adolescent Conformity & Deviation) 
by M. SHerir & C. M. SHERIF; 370 
pages; $6. 

Science: The Glorious Entertainment by 
J. BARZUN; 322 pages; $6. 

A Chemical Background to Nursing & 
Other Paramedical Programs by G. F. 
GRILLOT; 398 pages; $5.75. 


From The Macmillan Co. including Per- 
gamon Press & The Free Press of 
Glencoe: 


Technical Dictionary of Radio & Tele- 
communication Installations (English, 
German, French, Russian) by 
PLoun, et al.; 1001 pages; $30. 

Biochemistry & Physiology of Plant 
Immunity by B. A. RUBIN & YE. V. 
ARTSIKHOVSKAYA; 358 pages; $14. 

Foundations of Electrical Engineering: 
Fields-N etworks-W aves by K. SIMONYI, 
translated by D. JonEs & A. SEKEY; 
848 pages; $15. 

An Introduction to Mathematical Analysis 
by R. A. RANKIN; 607 pages; $11.50. 
Biological Effects of Deuterium by J. F. 

Tuomson; 133 pages; $7. 

From Low-Speed Aerodynamics to Astro- 

ae by T. von Karman; 82 pages; 
75. 





Display shows 
ability of the 
Type RM564 to 
store low-level, 
single-shot events. Up- 
per trace shows dis- 
placement of a leaf 
spring due to a single 
shock. Output of a strain- 
gage bridge (fastened to the spring) was fed to Channel 
1 of the Type 3A3 operating in the differential mode, at 
100 microvolt/cm sensitivity. Lower trace shows acceler- 
ation imparted to a leaf spring under test. Output from 
an accelerometer was fed to Channel 2 of the Type 3A3 
at 2 millivolt/cm sensitivity. The sweep speed of traces 
was 20 milliseconds/cm, 


Type RM564 Storage Oscilloscope 


® 


(without plug-ins). . .. . . ee . $1035 
Type 3A3 Dual-Trace Differential Amplifier Unit 790 
Type 2B67 Time-Base Unit 175 


U.S. Sales Prices f.o.b. Beaverton, Oregon 





here's why: 


m Saves space 
The Type RM564 occupies only 7 inches 
of standard rack height, yet has a full 
8-cm by 10-cm display area. 


m provides more flexibility 


The Type RM564 accepts combinations 
of 17 amplifier arfd time-base plug-in 
units for such applications as multi- 
trace, low-level gifferential, sampling, 
others—including matched X-Y displays 
using the same type amplifier units in 
both channels. 


mw adds new convenience 


The Type RM564 presents stored dis- 
plays as well as conventional displays. 
And these stored displays can be pre- 
sented on the full screen or on theupper 
or lower half of the split screen crt— 
with conventional displays on the other 
half. Storage time can be over one hour, 
with erase time less than one-fourth 
second. This new convenience for 
stored displays permits detailed wave- 
form analysis and simplified waveform 
comparisons, in many instances, without 
resorting to photography. 

Of course, conventional displays can be 
displayed on the full screen when the 
Type RM564 is not used for stored 
applications. 


storage features: 








MM split-screen storage ... full-screen 
storage... writing-speed enhancement 

. repetitive-trace integrater ... trace- 
position locater...remote-erase facility. 





other features: 





MB edge-lighted graticule . . . control- 
lable illumination ...3.5-kv accelerating 
potential ... Z-axis input... amplitude 
calibrator . . . electronically-regulated 
power supplies... operation from 105 v 
to 125 v, or 210 v to 250 v, 50-to-60 cps. 


call your Tektronix Field Engineer for a demonstration 


Tektronix, Inc. 


P.O. BOX 500 - BEAVERTON, OREGON 97005 - Phone: (Area Code 503) Mitchell 4-0161 + Telex: 036-691 
TWX: 503-291-6805 + Cable: TEKTRONIX » OVERSEAS DISTRIBUTORS IN 25 COUNTRIES 
TEKTRONIX FIELD OFFICES in principal cities in United States. Consult Telephone Directory. 
Tektronix Australia Pty., Ltd., Melbourne; Sydney « Tektronix Canada Ltd., Montreal; Toronto 
Tektronix International A.G., Zug, Switzerland « Tektronix Ltd., Guernsey, C. 1. 


Tektronix U. K. Ltd., Harpenden, Herts 


Histochemistry & Cytochemistry (Pro- 
ceedings of Ist International Con- 
gress), edited by R. WEGMANN; 481 
pages; $15. 

Trace Analysis of Semiconductor Ma- 
ae by J. P. Catz; 282 pages; 

10. 

Solid Lubricants & Surfaces by E. R. 
BRAITHWAITE; 286 pages; $12. 

Problems in the Design & Development of 
750 MW Turbo-Generators by V. P. 
ANEMPOpISsTQyv, et al.; 76 pages; 
$4.50. 

Recent Trends in the Development of the 
Theory of Plasticity by W. OuszaK, 
et al.; 196 pages; $7.50. 

The Application of Computing Technique 
to Automatic Control Systems in M etal- 
lurgical Plants by A. B. CHELYUSTKIN; 
225 pages; $10. 

An Introductory Course of Mathematics 
& Theoretical Mechanics in 4 Vols., 
Vol. ITI: Theoretical Mechanics by C. 
Puumpton & W. A. Tomxys; 370 
pages; $4. 

Progress in the Chemistry of Fats & 
Other Lipids, Vol. VII, Part I, edited 
by R. T. Horman; 164 pages; $5.75 
paper. 

Azeotropy & Polyazeotropy by W. 
SWIETOSLAWSET; 226 pages; $10. 

Propagation of Radio Waves at Fre- 
quencies Below 300 kc/s, edited by 
W. T. BuackBanp; 478 pages; 
$20. 

The Bending & Stretching of Plates 
by E. H. MaAnsfFIELD; 148 pages; 
$6.50. 

Theory & Structure of Complex Com- 
pounds, edited by B. JEZOWSKA- 
TrzEBIA-Towska; 707 pages; $17.50; 
Symposium, Poland, June 1962. 

Complexing & Hydrothermal Ore Deposi- 
tion by H. C. HELGEsSON; 128 pages; 
$8.50. 

Inorganic Ultramicroanalysis by I. ALi- 
MARIN & N. Perrikova; 151 pages; $6. 

Asynchronized Synchronous Machines 
by M. M. BOTVINNIK; 75 pages; $5. 

Equations of the Mixed Type by A. V. 
Brrsanzeg; 160 pages; $8.50. 

Accelerators of Charged Particles by 
B. S. RATNER; 120 pages; $3.50. 

Effects of Ionizing Radiation on the 
Reproductive System, edited by W. D. 
CARLSON & F. X. GASSNER; 478 
pages; $14. Proceedings of Colorado 

tate University International Sym- 
posium. 

High Sensitivity Counting Techniques 
by D. E. Warr & D. RAMSDEN; 348 
pages; $12. 

Telemechanics by V. S. Martov; 100 
pages; $5. 

Short Guide to Geo-Botanical Surveying 
by S. V. Vixrorovy, et al.; 158 pages; 


$9. 

Classical Thermodynamics of Nonelec- 
trolyte Solutions by H. C. van Ness; 
166 pages; $6. 
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Chemistry in Premixed Flames by C. P. 
FENIMORE; 119 pages; $5. (Vol. V of 
The International Encyclopedia of 
Physical Chemistry & Chemical Phys- 


ics). 

Radiation Medicine, edited by A. I. 
BURNAZYAN & A. V. LEBEDINSKII; 
363 pages; $12. (Vol. of International 
Series of Monographs on Nuclear 
Energy, Biology Division.) 

Vistas in Botany (Vol. III Recent Re- 
searches in Plant Physiology), edited 
by W. B. TURRILL; 316 pages; $15. 

Topological Methods in the Theory of 
Nonlinear Integral Equations by M. 
A. KRASNOSEĽ’ SKII; 395; $10. 

Biochemical Lesions & Lethal Synthesis 
by R. PETERS; 321 pages; $10. 

Progress in Nuclear Physics, Vol. IX, 
T by O. R. Friscu; 310 pages; 

Peptides (Proceedings of 5th European 

ymposium, Oxford, September 1962), 
edited by C. T. Youna; 269 pages; 
$12.50. 

Progress in Biophysics & Molecular 
Biology, Vol. XIII, edited by J. A. V. 
BUTLER, et al.; 328 pages; $12.75. 

Scientist (Opportunities for Careers) 
by R. S. Morison; 207 pages; $3.95; 
Macmillan. 

Fatigue Resistance by P. YE. Kray- 
CHENKO; 122 pages; $5; Macmillan. 

Biogenesis of Natural Compounds, edited 
by P. BERNFELD; 930 pages; $28. 

The Rare-Earth Elements by D. N. 
TRIFONOV; 128 pages; $3.50. 

Nonconservative Problems of the Theory 
of Elastic Stability by V. V. BOLOTIN; 
324 pages; $10. 

Fundamentals of Microwave Electronics 
by V. N. SmevcHIK; 253 pages; 
$9.50. 

The Scattering of Electromagnetic Waves 
from Rough Surfaces by P. Becr- 
MANN & A. SpizzicHINo; 503 pages; 
$15. 

The Chemistry of Cationic Polymeriza- 
tion, edited by P. H. PLEscCH; 727 
pages; $30. 

Chemical Protection of the Body Against 
Ionizing Radiation, edited by V. S. 
BALABUKHA; 168 pages; $8.50. 

Automatic Control & Com Engi- 
neering, Vol. II, edited by V. V. 
SOLODOVNIKOV; 331 pages; $15. y 

Introduction to Fluid Dynamics by E. B. 
McLeEoD, JR. ; 232 pages; $6.50. 

The Theory of Mathematical Machines, 
edited by Y. Y. BAZILEVSKII; 264 
pages; $10. 

Chemical & Biological Aspects of Pyri- 
doxal Catalysis, edited by E. E. SNELL, 
etal.; 599 pages; $20. 

The Analytical Chemistry of Thorium 
by D. I. RyasBcHIiKOV & E. K. 
GOL’ BRAIKH; 316 pages; $14. 

U.S.S.R. Direct Current Research, Re- 
ports of the Leningrad Institute, trans- 
lated by L. S. FENN; 287 pages; $15. 









COLOR 
PHOTOMICROGRAPHS 
IN 

1 MINUTE... 


A T “a 
po 


. with ROMICRON equipment and 
the Polaroid Land Film Pack Adap- 
ter. Fits directly on your microscope 
(including stereos). New large for- 
mat Polacolor film pack loads in 
seconds, produces brilliant 3% x 
4% color image. Also available for 
instant black-and-white pictures. 


Special attachment 
for Bausch & Lomb 
Model “N” camera. 


ed | 


For literature write: 


PAUL ROSENTHAL, 505 FIFTH AVENUE, NEW YORK 17, NEW YORK 


“Polaroid” and “'Potacolor’’® by Polaroid Corporation 


Advances in Biological Waste Treatment, 
edited by W. W. ECKENFELDER & 
J. McCase; 440 pages; $20; 
1963. 

Introduction to H aes Algebra by A. 
Mostrowski & M. STARK; 474 pages; 
$6.50. Vol. 37 & 47 of International 
Series of Monographs on Pure & 
Applied Mathematics. 

The Theory %f Electromagnetism by 
D. S. Jones; 807 pages; $15. 

Physics & Chemistry of the Earth, edited 
ay L. H. Anfens, et al.; 398 pages; 

15. ; 

Recent Advances in Matrix Methods of 
Structural Analysis by J. H. ARGY- 
RIS; 187 pages; $10. Vol. 4, Progress 
in Aeronautical Sciences. 

Osmotic & Ionic Regulation in Animals 
by W. T. W. Ports & G. Parry; 
423 pages; $9. 

Weatherwise: The Technique of Weather 
Hyd by N. L. PETER; 179 pages; 

.50. 

Problems of the Biochemistry of the 
Nervous System, edited by A. V. 
PALLADIN; 330 pages; $11.50. 

Organic Polarographic Analysis by P. 

UMAN; 312 pages; $6.50. Vol. 12 of 
International Series of Monographs 
on Analytical Chemistry. 

Bioastronautics, edited by K. E. SCHAEF- 
FER; 406 pages; $16; Macmillan. 

The High Temperature Aspects of Hyper- 
sonic Flow, edited by W. C. NELSON; 
786 pages; $42. Proceedings of 
AGARD-NATO Specialist Meet- 
ing, Belgium, April 1962. 

Japanese Miniature Electronic Compo- 
nents & Assemblies Data Annual, 
1964-65, edited by G. W. A. DUMMER 
& J. M. ROBERTSON; 483 pages; 
$21. 

Papers in Marine Geology (Shepard 

ommemorative Volume), edited by 
MILLER; 531 pages; $20; 
Macmillan. 

Slow Viscous Flow by W. E. LANGLoIs; 
229 pages; $8.95; Macmillan. 

Physical Properties of the Steroid Hor- 
mones, edited by L. L. ENGEL; 488 
pages; $15. 

Thermodynamic Assessment of Rocket 
Engines by B. A. NrkouayEv; 150 
pages; $9.50. 

Introduction to Probability Theory by 
J. R. McCorp & R. M. Moroney; 
232 pages; $6.50; Macmillan. 

Basic Matrix Algebra & Transistor 
Circuits by G. ZELINGER; 116 pages; 
$6.50. 

Nomography by E. Orro; 313 pages; $10. 

Psychopharmacological Methods, edited 
by Z. Vorava, et al.; 360 pages; $14. 
(Fagué Symposium, Autumn 1961). 

Radioactive Isotopes in Instrumentation & 
Control by N. N. SHUMILOVSKII & 
L. V. MEv’rrsER; 197 pages; $10. 

Human Vibration Research, edited by S. 
LIPPERT; 111 pages; $5. 
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Analysis & Computation of Electric & 
Magnetic Field Problems by K. J. 
Binns & P. J. LAwRENSON; 333 
pages; $5. 

A Guide-Book to Mathematics for Tech- 
nologists & ae by I. N 
BRONSHTEIN & K. A. SEMENDYAYEV; 
783 pages; $20. 

Analysis of Petroleum for Trace Ele- 
or by O. I. MILNER; 128 pages; 

15. 

An Introduction to the Hydrodynamical 
Methods of Short Period Weather 
Forecasting by I. A. KIBEL’ ; 383 pages; 
$14.50. 

Elements of Mathematical Logic by J. 
LUKASIEWICZ; 124 pages; $6.50. 

In the Macmillan-Pergamon Common- 
wealth & International Library of 
Science Technology, Engineering & 
Liberal Studies Series, paper: 

Analytic Trigonometry with Tables 
by W. J. Bruce; 343 pages; $5. 

The Earth’s Core & Geomagnetism 
by J. A. Jacoss; 137 pages; $3.75. 
Acylation Reactions by P. F. G. 

PRAILL; 162 pages; $2.95. 

How To Find Out by G. CHANDLER; 
185 pages; $2.95; How to Find Out 
In Mathematics by J. E. PEMBER- 
TON; 158 pages; $2.45. 

Weather Studies by L. P. Smrrx; 100 
pages; $2.45. 

General Science: Chemistry by C. W. 
Woop; 179 pages; $1.45. 


Controlled-Delay Devices by S. A. 
DoGanovskir & V. A. Ivanov; 67 
pages; $4.50. 


A Correlation Study of Methods of 
Matrix Structural Analysis by R. H. 
GALLAGHER; 113 pages; $10. 

Comparative N eurochemistry, edited by 
D. RicutTerR; 491 pages; $14. Pro- 
ceedings of 5th International Sym- 
posium, St. Wolfgang, Austria 1962. 

Problems of the Design & Accuracy of 
Complex Continuous Action Devices & 
Computer Mechanisms, edited by N. 
G. BruyEvicH; 264 pages; $10. 

The Propagation of Electromagnetic 
Waves in Multiconductor Transmission 
Lines by P. I. Kuznetsov & R. L. 
STRATONOVICH; 190 pages; $10. 

Advances in Organic Geochemistry 
(Monograph No. 15-Earth Science 
Series), edited by U. COLOMBO & 
G. D. Hopson; 488 pages; $17.50. 
Proceedings of International Meeting, 
Milan 1962. 

Progress in Reaction Kinetics, Vol. 2, 
“ig by G. PORTER; 391 pages; 

15. 

The Universe of Time & Space, edited 
by S. T. BUTLER & H. MEssEL; 291 
pages; $2.95 paper. 

Data Acquisition & Processing in Biology 
& Medicine, Vol. 2 (Proceedings of 
the 1962 Rochester Conference), 
edited by K. ENSLEIN; 367 pages; 
$11.50. 





Don’t tear out this ad 





unless you need thin-film filters with characteristics like these: 
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Ultra-narrow bandpass filters P-type filters N-type filters 


Other types of evaporated coatings also available 
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Division of Textron Electronics, Inc. / 12484 Gladstone Avenue, Sylmar, Calif. (Area code 213) 365-4623 / TWX: 213-764-5923 


an equal opportunity employer 


Electronic Charges of Bonds in Organic 
Compounds, edited by G. V. BYKov; 
191 pages; $9. 

Arterial Surgery (Proceedings of the 
Conference at Law Hospital, Car- 
luke, 1963), edited by W. A. MACKEY, 
et al.; 170 pages; $7. 


From McGraw-Hill Book Co. : 


Nonlinear Mathematics by T. L. SAATY 
& J. BRAM; 381 pages; $12.50. 

Physics for Teachers: A Modern Review 
by R. L. WEBER; 314 pages; $6.50. 

Radio Ray Propagation in the Ionosphere 
by J. M. Kexso; 408 pages; $17.50. 

Group Theory & Quantum Mechanics 
by M. Tinxuam; 340 pages; $11.50; 
International Series in Pure & Applied 
Physics. 

Introduction to Biophysical Chemistry 
by R. B. Martin; 365 pages; $11.50. 
Crystallization of Polymers by L. Man- 

DELKERN; 359 pages; $13.50. 

Alcohol Education for Classroom & 
Community—A Source Book for Edu- 
cators, edited by R. G. McCarruy; 
308 pages; $7.50. 

Coordination Compounds by D. F. & 
B. B. Martin; 99 pages; $4.95 
hardbound; $1.95 paper. 

Modern Digital Circuits by S. WEBER; 
358 pages; $9.50. 

Heat Transfer, Thermodynamics & Edu- 
cation (Boelter Anniversary Volume), 
pee by H. A. JoHnson; 472 pages; 

15. 

From Dream to Discovery, On Being A 
Scientist by H. SELYE; 419 pages; 
$6.95. 

Masers & Lasers: How They Work, 
What They Do by M. BROTHERTON; 
207 pages; $8.50. 

Nuclear Engineering Fundamentals: 
Book I, Atomic Physics; Book II, 
Nuclear Physics; Book III, Inter- 
action of Radiation with Matter; 
Book IV, Nuclear Materials; Book V, 
Nuclear Reactor Theory by R. WEIN- 
STEIN, et al.; 1064 pages; $5. per book 
or $20 for the combined volume of 


five. 

Mechanical Details for Product Design, 
edited by D. C. GREENWOOD; 341 
pages; $9.50. 

From Prentice-Hall: 

Learning by S. A. MEDNICK; 118 pages; 
$3.95 cloth; $1.50 paper; Foundations 
of Modern Psychology Series. 

Rounding Errors in Algebraic Processes 
by J. H. WIıLKıNson; 161 pages; 


$6. 

Electronic Spectra & Quantum Chemistry 
by C. Sanporry; 385 pages; $14.95. 
Calculus of Variations by I. M. GELFAND 

& S. V. Fomin; 232 pages; $10.60. 
Fourier Series by G. P. Tousrov; 336 
pages; $13. 
Methods of Quantum Field Theory in 
Statistical Physics, edited by A. A. 
ABRIKOSOV, et al.; 352 pages; $15.35. 
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From the University Presses : 
From The Antioch Press: 

Bacterial Photosynthesis, edited by H. 
Gest, et al.; 523 pages; $6; Sympo- 
sium sponsored by the C. F. Kettering 
Research Laboratory. 


From University of California Press : 
The Lower Metazoa: Comparative Biology 
& Phylogeny, edited by E. C. Doues- 
ERTY ; 478 pages; $17.50. 


From The University of Chicago Press : 

Meteorites by F. HEIE; 144 pages; 
$6.50 cloth; $1.95 paper. 

Mapping by D. GREENHOOD; 289 pages; 
$6. cloth; $1.50 paper. 

The Year of the Gorilla by G. B. Scuat- 
LER; 260 pages; $5.95. 

Social Behavior & Organization among 
Vertebrates, edited by W. Erxin; 
307 pages; $7.50. 

Behaviorism & Phenomenology (Con- 
trasting Bases for Modern Psychol- 
ogy), edited by T. W. Wann; 190 
pages; $5. A volume in the Rice 
University Semicentenennial Series. 


From Harvard University Press: 
Georges Cuvier, Zoologist by W. CoLeE- 
MAN; 212 pages; $4.75. 


From The University of Illinois Press: 


The Future of the Research Library by 
V. M. CLAPP; 114 pages; $4.50. 

Keys to the Trematodes of Animals & 
Man by K. I. SKRJABIN, et al.; 351 
pages; $10. 

Herpetological Type-Specimens in the 
University of Illinois Museum of 
Natural History by H. M. Smirn, 
et al.; 80 pages; $4. cloth; $3. paper. 


From Indiana University Press: 
The Population Crisis & the Use of 
World Resources, edited by 8. Mupp; 
562 pages; $7.95. 
Science & The Future of Mankind by H. 
Boyko; 380 pages; $6.95. 


From Louisiana State University Press: 
Coastal Pioneer Plants & Habitat in the 
Tampico Region, Mexico by J. J. 
Poaerm, Jr.; 62 pages; $3. paper. 


From The University of Michigan Press: 
Organic Chemistry by K. FREUDENBERG 
& H. PLIENINGER; 310 pages; $10. 


From New York University Press: 

Edited by 8. Rapport & H. WRIGHT: 
Science: Method & Meaning: 258 
pages; Engineering; 378 pages; Ar- 
chaeology; 367 pages; Mathematics; 
319 pages; $0.60 ea., paper. 

From Rutgers University Press: 

Selected Papers 33 Ernst Georg 
Pringsheim by C. B. van NIEL; 331 
pages; $6.50. 


MEASURE 
MOLECULAR 
WEIGHTS ; 


RAPIDLY, PRECISELY 


Molecular weights of both natural and syn- 1 00 weight instruments offer automatic control, 
thetic polymers are completely character- increased ease of operation, reliable per- 
ized in shorter times than ever before, formance, short-term readings, and 


TO 
with Mechrolab’s expanded line of in- 5 000 000 wide range of both operating tem- 
struments. All Mechrolab molecular v } peratures and molecular weights. 
1 





FOR THE RANGE OF FOR THE RANGE OF 
100 - 20,000 qwwecr aveeace a 500 - 5,000,000 
300 SERIES $ EIGHT AVERAGE) 
VAPOR PRESSURE MODEL re 
OSMOMETER ‘he SCATTERING 

PHOTOMETER’ 


* Manufactured by S.0.F.1.C.A.; 
Sold and serviced exclusively in 
the U.S.A. by Mechrolab, Inc. 














“Cos ous Ww 


Molecular weights are determined by thermoelec- 
trically measuring temperature differences caused 
by vapor pressure lowering of solvent by solute. A 
series of standard two minute readings at progres- 

















sive concentrations enable molecular weights to be 2 
determined in twenty minutes or less with an ac- 
curacy of 1% up to 5,000. 3 
4 
5 
FOR THE RANGE OF 6 a 7, improved Model jars Light ere 
7 otometer measures size, shape, mass, and sol- 
20,000 3 1,000,000 (NUMBER AVERAGE) È vent-solute interaction of macro-molecules. A goni- 
500 SERIES 1 ert wr ety en the ate te ing oe aAa 
photo-multiplier tube, can be rotated electrically 
HIGH-SPEED MEMBRANE between 0° to 180°. Fine sensitivity, wide tempera- 
SERVO-OSMOMETER r ture range, and broad molecular weight range com- 


bine to make this a productive and versatile 
laboratory instrument. 


~@Ge4 ous w 


For complete descriptive information on Mechro- 
lab's advanced instrumentation for increasing labo- 
ratory productivity, write today to: 


Mechrolab .... 


1062 LINDA VISTA AVENUE 
MOUNTAIN VIEW 15, CALIFORNIA | 


N 





Determines molecular weights by measuring osmotic 
pressures to +.01 cm. of solvent. An optical de- 
tector and a servo-operated pressure system auto- 
matically establish osmotic equilibrium. This 
instrument is capable of measuring up to four con- 
centrations in less than one hour. Output is provided 
for continuous strip chart readout. 
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From The Stanford University Press : 
Conflict, Decision & Dissonance by L. 
FESTINGER; 163 pages; $4.75. 


From The University of Toronto Press : 


Human Senses & Perception by G. M. 
WYBURN, et al.; 340 pages; $7. 


From Washington State University, Pull- 


The Cytology & Genetics of Barley, 
1951-62; 278 pages; $4; paper. 


From The University of Wisconsin Press : 
Stochastic Models in Medicine & Biology, 
edited by J. GURLAND; 393 pages;$6. 


From D. Van Nostrand Co. : 

Biochemical Engineering, An Introduc- 
tion by F. C. Wess; 743 pages; 
$18.50. 

The Art of Simulation by K. D. TOCHER; 
184 pages; $5.95. 

Van Nostrand’s International Ency- 
clopedia of Chemical Science, edited 
by A. F. CLIFFORD, et al.; 1331; 
pages $32.50. 

Environment & Economic Life by H. F. 
GREGOR; 498 pages; $8.95. 

The Mathematics of Physics & Chem- 
istry, Vol. II by H. MARGENAU & 
G. M. Murpny; 786 pages; $15. 

Constitutional Problems in Organic Chem- 
istry by M. B. Watson & G. W. 
YouNGsON; 136 pages; $4.75. 


From John Wiley & Sons including Inter- 


science: 

Vitamins & Coenzymes by A. F. Wac- 
MER FoLKERS; 532 pages; 
$17.50. 


Macromolecular Syntheses (A Periodic 
Publication of Methods for the Prep- 
aration of Macromolecules), Vol. I, 
edited by C. G. OvERBERGER; 81 
pages; $4.75. 

Relativistic Wave Mechanics by E. 
CorINALDESI & F. Srroccur; 310 
pages; $12. 

Molecular Rearrangements, Part II, 
edited by P. be Mayo; 535 pages; 
20 


$20. 

Autohesion & Adhesion of High Poly- 
mers by S. S. Voyrursxu; Vol. IV, 
Polymer Reviews; 272 pages; $15. 

Philosophy of Science, Vol. II, 1962-68, 
edited by B. Baumrin; 551 pages; 
$14; The Delaware Seminar. 

The Architecture of the Germplasm by V. 
GRANT; 236 pages; $9.75. 


An Introduction to Radiation Chemistry 
by J. W. Sprvks & R. J. Woops; 
477 pages; $12.75. 

Progress in Optics, Vol. ITI, edited by E. 
Wotr; 340 pages; $12.50. 

Scientific & Technical Libraries by 
L. J. Srrauss, et al; 398 pages; 

0 


$8.50. 

The Physiology of Insect Senses by V. G. 
DETHIER; 266 pages; $7.25. 

Space Physics, edited by D. P. LEGALLEY 
& A. Rosen; 752 pages; $25. 
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Contributions to Differential Equations, 
Vol. II, edited by J. P. LASALLE & 
J. B. Diaz; 491 pages; $16.50 (Rias 
& University of Maryland Series). 

Collected Scientific Papers of W. Pauli, 
2 volumes, edited by R. Kronia & 
V. F. Wetsskopr; 2541 pages; $70. 

Newer Methods of Polymer Characteriza- 
tion (Polymer Reviews Vol. 6), edited 
by B. KE; 722 pages; $24.50. 

Determination of pH, Theory & Practice 
by R. G. BATES; 435 pages; $13. 

Theory of Spin Relaxation, Vol. 6, 
edited by W. J. Casprrs & I. Prico- 
GINE; 160 pages; $9.75. 

Communication Satellites by G. E. 
MUELLER & E. R. SPANGLER; 280 
pages; $10. 

Filament Winding (Its Development, 
Manufacture, Applications, & Design 
by D. V. Rosato & C. S. Grove, 
Jr.; 360 pages; $15; Vol. I in Inter- 
science Series, Polymer Engineering & 
Technology. 

Electromagnetic Theory for Engineering 
Applications by W. L. WEEKS; 744 


pages; $18. 

Synthetic Fibers in Papermaking, edited 
by O. Battista; 340 pages; 
$14. 

From John Wiley & Sons Science Edition 
Paperbacks : 


Opinions & Personality by M. B. 
SMITH, et al.; 294 pages; $2.45. 

Management & the Worker by F. J. 
ROETHLISBERGER & W. J. DICKSON; 
614 pages; $2.65. 

Supervisory & Executive Development 
(A Manual for Role Playing) by 
ie F. MAR, et al.; 330 pages; 

1.95. 

Understanding Minority Groups, edited 
by J. B. GITTLER; 150 pages; $1.45. 

The Authoritarian Personality by T. W. 
ADORNO, et al.; 990 pages in two 
parts; $2.25 per part. 

Physics in the Sixties, edited by S. K. 
RUNCORN; 112 pages; $1.45. 


Miscellany 


From American Elsevier Publishing Co. : 

Vanadium, Toxicology & Biological 
Significance by T. G. F. HUDSON; 
140 pages; $6.50. 

From American Elsevier Co. : 

Water & Electrolyte Metabolism II, edi- 
ted by J. De GRAEFF & B. LEIJNSE; 
251 pages; $11. Proceedings of Am- 
sterdam Symposium 1963. 

From W. A. Benjamin: 

Chemical Thermodynamics by I. Kiovz; 
468 pages; $9.75. 

Inorganic Reaction Mechanisms, An In- 
troduction by J. O. Epwarps; 190 
pages; $7. 

From W. W. Norton & Co.: 

William Herschel & the Construction of 
the Heavens by M. A. Hoskins; 99 
pages; $16. 






Bi Sone se S S 


Washington is the decision-making center of the free 
world. In that center, IDA functions as a scientific 
adviser to the Department of Defense. Our working 
environment is the gray area of those major national 
problems where too little is known and too much is 
at risk to hazard an intuitive decision. IDA provides 
responsible DOD decision-makers with the scientific/ 
technical input required to eliminate or lessen the 
areas of uncertainty. 

Physical scientists . . . along with electronic and 
aeronautical engineers, mathematicians, operations re- 
searchers and representatives of many other disci- 
plines . . . have put their minds to work at IDA. In 
a world in which the complexities and exigencies of 
our nation’s defense and foreign policy continue to 
increase and grow more critical, IDA’s programs must 
also continue to expand. In short, IDA finds itself in 
the position of requiring its own new input... from 
the nation’s scientific and engineering communities. 

We seek highly qualified physicists and other sci- 
entists and engineers for both short-term (two to three 
years) and permanent appointments. Valuable at- 
tributes include those intangibles called ‘creativity’ 
and ‘originality’ along with an interest in applied 
problem solving—applied to many of the very crucial 
problems our nation is facing today and in the years 
ahead. A career at IDA can present a challenge of 
satisfying proportions and provide a reward of sub- 
stance. Write us; we may well have mutual interests. 

Institute for Defense Analyses, 1666 Connecticut 
Avenue, N.W., Washington 9, D. C. An equal op- 


portunity employer. 


California Institute 
of Technology 


Case Institute 
of Technology 


University of Chicago 
Columbia University 
University of Illinois 


Massachusetts Institute 
of Technology 


University of Michigan 


Pennsylvania State 
University 


Princeton University 
Stanford University 
Tulane University 
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From Cambridge University Press (New 
York): 


Microbial Behaviour ‘In Vivo’ & ‘In 
Vitro, edited by H. mı & J. 
TAYLOR; 296 pages; $8. 14th Sympo- 
sium of The Society for General 
Microbiology, London, April 1964. 


From Alfred A. Knopf: 

Philosophical Problems of Space & Time 
by A. GRÜNBAUM; 448 pages; $7.50 
text edition; $10. 75 trade edition. 
Borzoi Books in the Philoso hy of 


Science, S. Morcunsesser, General 
Editor. 
From Libra Publishers : 


Interpersonality Synopsis by D. D. & 
V. B. Guan; 172 pages; $4.95. 
From A. J. Phiebig, Box 352, White 
Plains, N.Y.: 
Synthetic Methods of Organic Chemistry, 
Yearbook 1963, Vol. 17 by W. THEIL- 
HEIMER; 507 pages; $38.50. 


From W. A. Benjamin, Inc. : 

Oxidation Mechanisms: Applications to 
Organic Chemistry by R. STEWART; 
179 pages; $7.50. 

The Inorganic Chemistry of Nitrogen by 
Wm. L. Jolly; 124 pages; $5.75. 


From East West Center Press, Honolulu 
14, Hawaii for The Society for Inter- 
national Cultural Relations, Tokyo: 

Geography of Japan by R. Ispa; 124 
pages; $3.50 paper. 

The Age ag People (Origins of the 
People the pS eg by I. 
Kee SU, 64 pages plus 72 illustra- 
tions; $2. 50 paper. 


From The ray «eae fd Society : 

A Synonymic List of the Nearctic Rhopa- 
locera Memoir No. I, by C. F. Dos 
Passos; 145 pages; $6. paper from 
z Ehle, 314 Atkins Ave., Lancaster, 

a. 


From The American Geophysical Union, 
1515 Massachusetts Ave., N.W., 
Washington, D.C. 20005: 

Biology of the Antarctic Seas, Vol. I 
of a new series; 220 pages; $10. 


From The Geological Society of America, 
231 E. 46th St., New York, N.Y. 
10017: 

Late Eocene Zoogeography of the Eastern 
Gulf Coast Region by A. H. CHEET- 
HAM; 113 pages; $3.75. 

From World Publishing Co. ( Meridian): 

Logic, Computing Machines, & Automa- 
tion by A. M. Hruron; 427 pages; 
$2.95 paper. 

From a New American Library (Sig- 
net). 

Missiles, Moonprobes, & Megaparsecs 
by W. Ley; 189 pages; $0.60 paper. 

‘From W. H. Freeman & Co.: 

The Language of Nature (An Essay in 

the Philosophy of Science) by D. 

HawKIns; 372 pages; $7.50. 
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From The American Association for the 
Advancement of Science (1515 Mas- 
sachusetts Ave., N.W., Washington 
5, D.C.): 

Aridity & Man, edited by C. Honce 
& P. C. DuUIsBERG; 604 pages; $12 
to non-members. 


From Cranbrook Institute of Science 
(Bloomfield Hills, Michigan) : 
The Web of the Spider by L. B. LOUGEE; 
44 pages; $3.50. 


From Cold Spring Harbor Laboratory 
(Cold Sagan Harbor, N.Y. 

Synthesis & Structure of M acromolecules, 
edited by L. Friscu; 610 pages; $15. 
Vol. 28 of Quantitative Biology 
Symposium. 


From W. W. Norton & Co.: 

Chemistry; 582 pages; $6.95; Chemistry 
in the Laboratory (paperbound man- 
nel; 200 pages; $3; by G. WATT, 
etal. 


From Chandler Publishing Co. : 
The Conduct of Inquiry, M ethodology 
for Behavioral Science by A. KAPLAN; 
428 pages; $8. 


From Institute for Scientific Information, 
325 Chestnut St., Philadelphia, Pa. : 
Science Citation I ndex (Source Article 
Index A-CAPL, Vol. I; 496 pages; 
total of 5 volumes to appear; E. 
GARFIELD, Director; $1250—$1950.00; 
1961. 


From Harcourt, Brace & World: 


This View of Life (The World of An 
Evolutionist) by G. G. SIMPSON; 
308 pages; $5.95. 


From J. B. Lippincott Co. : 

Basic Physiology & Anatomy by E. E. 
CHAFFEE & E. M. GREISHEIMER; 
656 pages; $7. 

The World of the Beaver by L. L. RUE, 
III; 155 pages; $4.95. A Living 
World Book, J. K. TERRES, Editor. 


From Schenkman Publishing Co. : 

Human Fertility & Population Problems 
(Proceedings of American Academy 
of arie & Sciences Seminar), edited 
by O. GREEP; 278 pages; $7.45 
Tak $2.65 paper. 


From Abelard-Schuman: 

Portraits of Nobel Laureates in Medicine 

= ER siology by S. R. RIEDMAN & 
USTAFSON ; 343 pages; $4.95. 

Biglogiat Philosopher, A Study of the 
Life & Writings of Alfred Russel 
Wallace by W. GrorGe; 320 pages; 
$6. 


From American Chemical Society, Wash- 
ington, D.C. : 

Contact Angle, Wettability, & Adhesion, 
edited by R. F. Gounp; 232 pages; 
$8. No. 43 in Advances in Chemistry 
Series. 


PN 


Technologies 
in systems design at IBM 


Project: i 
to produce angstrom-thin units 
automatically 


An automatic film-fabrication 
process is essentially a miniature 
“factory.” It has the problems of 
a full-sized plant squeezed into the 
space of a closet. The carefully 
controlled conditions of a labora- 
tory thin film process must be 
maintained— but at the same 
time, the process steps must move 
reliably and at high speed. 


To produce a circuit with the 
correct electrical or magnetic 
properties on its one and only pass 
through the vacuum fabrication 
process, many variables such as 
temperature, pressure and deposi- 
tion rate must be held in delicate 
balance. This calls for solution to 
a host of instrumentation problems 
in measurement and control, and 
a basic understanding of the 
physical and chemical nature of 
the deposition process. 


IBM engineers and scientists have 
made substantial progress in the 
field with development of a num- 
ber of experimental thin film 
“factories.” IBM developed the 
first continuous thin film fabrica- 
tion line for the Navy in 1962. 


This line moves substrates suc- 
cessively through four vacuum 
chambers. The line turns out 
hundreds of circuits an hour, con- 
taining thousands of resistive 
and capacitive components. 


Recently, IBM scientists auto- 
mated a fabrication process for 
experimental cryogenic circuits. 
The process variables needed for 

a particular circuit configuration 
arestoredon punched cards and fed 
to a control system. All fabrication 
steps and process conditions are 
automatically controlled, resulting 
in thin film circuits with highly 
uniform, reproducible electrical 
properties. 


But any factory can be improved. 
Now IBM is developing processes 
to fabricate different varieties of 
thin film circuits. Fabrication 
speed is being increased as well. 
There are many opportunities 
right now to make important 
contributions to these and other 
IBM scientific and engineering 
projects. Send your resume to: 
Manager of Corporate Employ- 
ment, IBM Corp., Dept. 512T, 
Armonk, New York 10504. IBM 
isan Equal Opportunity Employer. 


There is room for achievement at 


IBM. 
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From Les Editions du Jour, Montreal: 
Contradictions & Biculture (Communi- 
cations 1955-1961) by P. DANSEREAU; 
222 pages; $2.50 paper. 

From Barnes & Noble: 

Your Guide to the Weather (An Intro- 
duction to Meteorology) by G. L. 
CANTZLAAR; 242 pages; $1.50 paper. 


From North-Molland Publishing Co., Box 
103, Amsterdam, the Netherlands: 
Surface Science, new quarterly journal, 
chiefly in *English, devoted to the 
pune & chemistry of interfaces; 
. C. Gatos, Editor; $16 per volume 
from January 1964, postage free. 


From Gordon & Breach Science Pub- 
lishers : 
Progress in Applied Materials Research, 
Vol. 4, edited by E. G. STANFORD, 
et al.; 246 pages; $14.50. 


From Philosophical Library, Inc.: 
Discretus Calculus, A Variable-Metric 
Approach to Physical Theory by H. S. 
INGHAM; 196 pages; $6. 
From Rodale Books, Inc. (33 E. Minor 
St., Emmaus, Pa.): 
Our Poisoned Earth & Sky by J. I. 
Ropare & Starr; 735 pages; $6.95. 


From Ginn & Co. (Blaisdell Publishing 
Co. Division): 

Mathematical Analysis, Vol. II: Inter- 
mediate Analysis by N. B. HAASER, 
et al. ; 677 pages; $11.75. 

Habitable Planets for Man by S. H. 
Dow; 158 pages; $5.75. 

The Victoria & the Triton; 110 pages; 
Oersted & the Discovery of Electro- 
magnetism; 85 pages; by B. DIBNER; 
ea. $3.50 cloth; $1.95 paper. 

Boron-Nitrogen Chemistry, edited by 
R. F. Govuup; 330 pages; $7.50; 
International Symposium, Duke Uni- 
versity, April 1963; No. 42 in Series. 

From Philosophical Library : 

Cosmic Dust by A. DAUVILLIER; 167 
pages; $15. 

From W. B. Saunders Co. : 

A History of Psychology by E. A. ESPER; 
368 pages; $6.50. 

From Oxford University Press: 

Assimilation in American Life (The 
Role of Race, Religion, & National 
Origins) by M. M. Gorpon; 276 
pages; $5.25 text edition. 


From George Braziller, Inc. : 
The Meaning of History by E. KAHLER; 


224 Py ringae 
The Broken Image (Man, Science & 
Society) by F Matson; 355 
pages; $6.95. 
From Seabury Press: 
Christians in a Technological Era, 


edited by H. L. WHITE; 143 pages; 
$3.50. 
From Thomas Y. Crowell Co. : 
The Sun, Star No. 1 by F. BRANLEY; 
140 pages; $3.95. 
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From Holt, Rinehart & Winston: 

Exploration of the Universe 
ABELL; 646 pages; $9.50. 

Animal Adaptation by A. L. BURNETT & 
T. EISNER; 136 pages; $1.75 paper. 


From Asia Publishing House: 
Optical Activity & Chemical Constitu- 
tion by B. K. Sineu & O. N. Pert; 
149 pages; $4.75 paper; distributed 
by Taplonger Publishing Co., N.Y.C. 


From Sine-Ser Co., Box 3, Arlington, 
Mass: 
Transistor Network Calculations, Part I 
by H. E. Srockman; approx. 150 
pages; $2.75 paper. 


From The World Publishing Co. ( Meridian 
Books): 

Hunger & Work in a Savage Tribe by 
A. I. RicHarps; 2388 pages; $1.75 
paper. 

From Reinhold Publishing Corporation : 

Current Topics in Organic Chemistry, 
Vol. I by L. F. & M. Fressr, 122 
pages; $2.75 paper. 


From Burgess Publishing Co. : 
Experiments in Nuclear Science; 167 
pages; $3.50 with Teacher's Guide; 
72 pages; $2.45, paper by G. D. 
CHASE, et al. 
From The New American Library of World 
Literature, Inc. (Signet) : 
The Thunderstorm by L. J. Barran; 
128 pages; $0.60 paper. 


From kaa Peabody Museum, Cambridge, 
ass. : 
Archaeology of the Diquis Delta, Costa 
Rica by S. K. Lorurop; 142 pages; 
51 plates; $9.50 paper. 
From Williams & Wilkins Co.. 
Unfinished Tasks in the Behavioral Sci- 
ences, edited by A. ABRAMS, et al.; 
264 pages; $10. 


From Grune & Stratton, Inc.: 
Progress in Medical Genetics, Vol. III, 
edited by A. G. STEINBERG and A. G. 

BEARN ; 266 pages; $12.25. 


From Barnes & Noble: 
Sutton Hoo, The Excavation of a Royal 
Ship-Burial by C. GREEN; 168 pages; 
$7. 


by G. 


From Bantam (Pathfinder) Books: 
160 Science Experiments Step-by-Step 
by J. Viorst; 180 pages; $0.60 paper. 


From Charles Scribner’s Sons: 

Concise Dictionary of American Biog- 
raphy; J. G. E. Horxins, Managing 
Editor; 1350 pages; $22.50. 

From George Braziller, Inc. : 

Bandirantes & Pioneers by V. Moog; 
316 pages; $6.95. 

Focus & Dwersions by L. L. WHYTE; 
235 pages; $5. 


From Basic Books: 
Ancient & Medieval Science (from the 
Beginnings to 1450), edited by R. 


JOIN THE 
MANAGEMENT 
SYSTEMS LEADERS 
OF ORI 





SENIOR-LEVEL OPPORTUNITIES 


The Management Systems Program of Op- 
erations Research Incorporated is continu- 
ing its rapid expansion to meet new chal- 
lenges and responsibilities in: 


* Design / development / implementation of 
advanced management systems providing 
control over time, costs, reliability, and lo- 
gistics 

* Data processing 

* Information retrieval 

* Economic analysis 

* Human factors planning and analysis 

Senior-level positions with exceptional poten- 

tial in these and related areas are now of- 


fered to management systems design engi- 
neers, statistical and mathematical economists, 
EDP specialists, applied mathematicians, in- 
dustrial engineers and psychologists. These 
career Openings require B.S. degrees (M.S. 
or Ph.D. preferred) with minimum of 3-5 
years’ experience, and demonstrated techni- 
cal achievement. They involve assignments 
on nationally significant projects for indus- 
try, government, and the armed forces. Posi- 
tions are at ORI’s new headquarters building 
in a residential suburb of Washington, D.C. 
For further information, please send a brief 


resume to Dr. Donald Orkand, Director for 
Management Systems. 


OPERATIONS RESEARCH 
INCORPORATED 


1400 Spring Street, Silver Spring, Maryland e Suburb of Washington, D.C. 
An equal opportunity employer 
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Taron; 551 pages; $17.50. Vol. I, 
A History of Science; A. J. POMERANS 
translator. 


From International Atomic Energy Agency 
International Publications, Inc., 317 
E. 34th St., New York 16, sole U.S. 
distributors). Paper only. 

Radioisotope Applications in Industry, 
A Surveys 131 pages; $2.50. 

Radiation Damage in Reactor Materials; 
762 pages; $15. Final Proceedings of 
Venice Symposium May 1962. 

Operating Experience with Power Reac- 
tors, Vol. I; 526 pages; $10; Vol. II; 
412 pages; $8.50; Vienna Conference, 
June 1963. 

Heavy Water Lattices: 2nd Panel Report: 
Vienna Conference, Feb., 1963; 647 
pages; $13. 

From American Gas Assoc., Inc. (605 3rd 
Ave., New York 16, N. Y.): 

Kinetics & Mechanism of Active Sulfur 
Formation and Corrosion of Copper 
by Active Sulfur by R. G. CALDWELL; 
136 pages; $3.50 paper; 

From Gamut Press: 

The Psychology of Laughter, A Study 
in Social Adaptation by R. PIDDING- 
TON; 224 pages; $4.50 cloth; $1.95 
paper. 

From Canadian Peace Research Institute, 
Clarkson, Ontario: 

In Your Opinion by J. PAUL & J. 

Lauticut (Leaders’ & Voters’ Atti- 
tudes on Defense & Disarmament); 
140 pages; $2.95 paper. 

From The National Association for Mental 
Health, Inc., 10 Columbus Circle, 
New York 19, N. Y.: 

Directory of Resources for Mentally IUl 
Children in the U.S.; 96 pages; $2.00 
paper. 

From Taplinger Publishing Co. : 

Hydrodynamic Superposability by R. 
BALLABH; 45 pages; $3.75 paper. 

From W. B. Saunders Co.: 

Atomic Energy Encyclopedia in the Life 
Sciences, edited by C W. SHILLING; 
474 pages; $10.50. 


From Yearbook Medical Publishers, Inc. 
(35 E. Wacker Dr., Chicago 1, Ill.): 


164A 


Radiation Effects in Physics, Chemistry 
& Biology, edited by M. EBERT & 
A. Howard; 510 pages; $15. (Pro- 
ceedings of 2nd International Con- 
gress of Radiation Research, Harro- 
gate, Britain, August 1962); 1963. 


From Chilton Books : 

Men of Space, Vol. 6 by S. THOomMas; 
286 pages; $5.95. 

America’s New Policy Makers (The 
Scientists’ Rise to Power) by D. W. 
Cox: 298 pages; $6.95. 

From Philosophical roan gt È 

The Senses of Animals by L. H. Mart- 
HS iy & M. Kniaur; 240 pages; 

50. 


From Holden-Day, Inc.: 

Interpretation of Mass Spectra of Organic 
Compounds by H. BUDZIKIEWICZ, 
et al.; 271 pages; $8.75. 

From International Physical Index, Inc. : 

Russian Physics Quarterly (A source 
book of Soviet experiment & theory), 
Vol. 1, No. 1; $100 per yr. from the 
ke aia Park Ave., New York 

5, N.Y. 


From Royal Society, Burlington House, 
London, W. I: Biographical Memoirs 
of Fellows, Vol. 9; 321 pages; $6. 

Journal of Ap lied Probability, J. GANT, 
Editor-in-Chief (Dept. of Statistics, 
The Australian National University, 
Box 4, Canberra, Australia); 2 half- 
yearly numbers annually from May 
1964; $8 yearly for individuals. 

From Doubleday & Co. (Natural History 
Press): 

For the American Museum of Natural 
History: Biology of Birds by W. E. 
LANYON; 175 pages; $3.95 hardbound; 
Exploration of the Moon by F. M. 
BRANLEY; 127 pages; $3.50 hard- 
bound; both available paperbound. 


From Ginn & Co. including Blaidell 
Publishing Co.: 
Interpolation & Approximation by P. J. 
Davis; 393 pages; no price given. 
From Harper & Row: 
Self-Renewal, The Individual & the 
Innovative Society by J. W. GARDNER; 
141 pages; $3.50. 








VELPAR’S 


ENGINEERING AND 
RESEARCH DIVISIONS 


have openings in the following fields: 
YV APPLIED MATHEMATICS W ELECTRONICS 
YV CHEMISTRY W BIOLOGY W PHYSICS 


Requirements include an advanced degree, 
and the desire to work in such areas as: 


Applied Mathematics 


Information Theory, Propagation Studies, Communications Pri- 
vacy, Mathematical Modeling, Stochastic Processes. 


Electronics 


Phonon Interaction, Pattern Recognition, Network Synthesis, 
Quantum Electronics, Random Noise Theory, Bionics, Speech 
Synthesis, Data Retrieval. 


Chemistry 


Molecular Spectroscopy, Low Temperature Phenomena, Gas-Solid 
Reactions, Gas Phase Kinetics, Gas Chromatography, Mass 
Spectrometry. 


Biology 

Microbiology, Virology, Pharmacology, Biophysics, Tissue Culture. 
Physics 

Flash Photolysis, High Vacuum Technology, Energy Conversion, 


Monocrystalline and Thin Film Microcircuitry, Quantum Tunnel- 
ing Phenomena, Infrared Detectors and Optical Systems. 


For further details, write in strictest confidence to: 
John A. Haverfield, Manager—Professional Placement 


MELPAR ¥ inc 


A SUBSIDIARY OF THE WESTINGHOUSE AIR BRAKE COMPANY 


3379 ARLINGTON BOULEVARD 


FALLS CHURCH, VIRGINIA 
(a suburb of Washington, D. C.) 


an equal opportunity employer 
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THE EXECUTIVE SECRETARY’S PAGE 


In a more or less experimental ef- 
fort, a list of individuals, with whom 
National Headquarters had lost con- 
tact when the Post Office returned mail 
marked “Not Found” or “Unknown,” 
was published in the March issue 
of AMERICAN Screnrist. This initial 
listing contained 161 names. Response 
to the appeal of National Headquarters 
has been most gratifying and informa- 
tion has been received for 50 of those 
listed. 

Each year more than 25,000 address 
changes are made for the members of 
The Society of the Sigma Xi. One- 
third of the membership has an address 
change each year. Immediately follow- 
ing the publication of each issue of 
AMERICAN Screntist and the mailing 
of each communication to the Chapter- 
at-Large, National Headquarters re- 
ceives a multitude of notices concern- 
ing address changes and among these 
are always a number of notifications of 
“Address Unknown.” Of course noti- 
fication of address change, by neces- 
sity, must be primarily the respon- 
sibility of the individual concerned. 
National Headquarters, however, will 
make every effort not only to maintain 
the addresses reported but to obtain 
those which it has failed to receive 
through normal channels. In this effort, 
the following report is made: 


FOUND 


(Numbers refer to listing on page 50A of 
the March 1964 issue of the AMERICAN 
SCIENTIST) 


No. 3 No. 42 No. 122. 
5 43. 123. 
17. 44. 125. 
23. 45. 128. 
26 129. 
8l. 46. 136. 
34. 49. 110. 
36. 50. iL. 
37. 53. 113. 
38. 60. 114. 
40. 66 118. 
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69. 87. 1.45 

70 90. 1.46 

75 95. 1.54 

77 96. 1.56 

81 102 1.57 

83 105 1.59 
LOST 


If anyone can assist by furnishing 
information as to the present location 
of these lost members, the Society 
would be most appreciative. 


162. Stephen Otis Atherton 

. Bhavani Belavady 

164. Samuel H. Black 

. Eric MacDonald Erskine 
. Richard W. Fish 

. William S. Ginell 

. Robert William Hansen 
. Robert G. Heltsley 

170. Charles P. Howard 

171. George Jaffe 

172. John W. James 

. Douglas Harvey Johnson 
. Marion Johnson 

. Thyril L. Ladd 

ìà. Fred K. Manasse 

. Richard L. McArthy 

. Theodore Morse 

. Paul E. O’ Neil, Jr. 

180. Mrs. Felix Oppenheim 
181. Alan Owen Pittet 

182. Warren J. Rabourn 

. Ogden B. Ramsay 

. Robert G. Sandberg 

. Robert L. Schoenberger 
. Ronald S. Stone 

. Thomas E. Sweeney 

. Joseph R. Wagner 

. Barbara Woody 


(Continued on page 170A) 


Notice of the correct address should 
be sent to the Office of the Executive 
Secretary, The Society of the Sigma 
Xi, 51 Prospect Street, New Haven, 
Connecticut 06511. 


MAN AND HUMAN PROGRESS... ONE IN A SERIES 


“The human race is so emotional . . 


The year was 1939, and newly-named Chief of Staff 
George Catlett Marshall faced a mammoth task: pre- 
paring for war a country which thought itself insulated 
from the fires of Europe and Asia. “The human race,” 
he remarked later, “is so emotional that good common 
sense seldom prevails in a great crisis.” Fortunate it 
was for America and her allies that the good common 
sense of General Marshall prevailed, as he first built 
history’s greatest military machine and then led it to 
victory. 

But the soldier’s responsibility did not end with one 
victory. Appointed post-war Secretary of State, he gave 
war-shattered Western European nations a second one 
.. . over poverty, hunger, and the communism which 
might have engulfed many of them but for his European 
Recovery Program. That is what he called it; most of 
us knew only of the “Marshall Plan.” 


By whatever name, it won him the Nobel Prize, and 
rightly. What tribute is equal to a man who brings 
unity, integrity, hope, and deliverance to nations at 
war and to a world at peace? 


2 


In the national interest, the 
Research Analysis Corpora- 
tion applies scientific 
thought to major military, 
technical, economic, and 
political problems. Non- 
profit and multidisciplinary, 
RAC invites scientists and 
engineers with advanced 
degrees and superior capa- 
bilities to investigate its ca- 
reer opportunities; please 
send your resume to Mr. 
John G. Burke, Professional 
Staffing, Research Analysis 
Corporation, McLean, Vir- 
ginia 22101 (suburb of 
Washington, D. C.). An 
equal oppor- 

tunity employer. 


RESEARCH ANALYSIS CORPORATION 
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Important Notice. The attention of all readers 
and publishers is called to the present address 
of the Editorial Office of AMERICAN SCIENTIST 


33 Witherspoon St., Princeton, N. J. ,08540 





CHANGE OF ADDRESS 


If your name or address has changed from that on file at headquarters at 
Sigma Xi or RESA, please return the form below to: 


Office of the Executive Secretary 
51 Prospect Street 
New Haven 11, Connecticut 06511 


This is to notify you of the following change of address or name. (Please print or typewrite.) 


Former: MEER... bis nice oo Ghia’ Ore 660s E he Rae de Cea eee eee eee 


SEE sins oo as vic 0 0b be 660:6.00:0-0:900 bs. 0s eRe eee Raha es oaks Sous 

CUM usb c RSG N 56.5 os cecncepiiasicet see Coens Ps os oc E 

ee OP eee PPT rr te Te ee Oe 
Ae ee eee ee 

Present: ES Sa ee ee eT E rt ty re ee ee ET 
NA oa asd a di <0 E 64:06:00 AN 6a OARS T E C6 RieS0 ap Gare 

GUVs bie E i010 4010000000606. 060s O se BOR 660 A estes 

Roe bo tte ni Os 4 a S00 Hob 010.0 0,0-0-9.0'0 A T a AN MEgb eee EA a elke 

a eS eer 


Affiliation: (Please give name of Chapter, Club or Branch) 


C] Member-at-Large 

Eh oh sn doh O op OKs aRONES Cee buna Chapter 

Tt bee ae 680s oH koSe pewe’ 60 heed wens Club 

a ER GRRE RPT SS RESA branch 
C] Subscriber 


Lack EE © cg bois A TE T E E eNlees CO wee 005 
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What do you 


Once you learn that this is selenium, you 
probably know a great deal about it. That 
selenium is a nonmetallic element, atomic 
No. 34; that it occurs in allotropic forms, in- 
cluding a stable gray metal-like form and a 
red amorphous form; that it is an extremely 
good insulator in the dark (10 ohm-cm.) 
but conducts electricity in the light. 

It is for this latter reason that selenium be- 
came the heart of the xerographic process of 
image development. Since electrostatic pho- 
tography is based on photoconduction, we are 
constantly studying and analyzing all kinds of 
photoconductors at the Xerox Research Lab- 
oratories. 

The uses of xerography for photoconduc- 
tive imaging, we now know, are endless. For 
there is literally no end to graphic communi- 
cations. Nor to the opportunities that exist at 
Xerox—opportunities of unusual scope and 
challenge—for imaginative scientists and en- 
gineers of almost all disciplines. 

A creative research, development and en- 
gineering program extending far into the 
future requires skilled technology. 

Xerox, already one of the world’s leaders 
in the rapidly evolving field of graphic com- 
munications, is more than 85% commercially 
oriented, As Xerox research and development 








now about this molecule ? 


continues to yield new communications mar- 
vels, a rewarding and satisfying future can be 
yours. Living in suburban Rochester, N. Y., 
moreover, you and your family will enjoy ex- 
cellent cultural, educational and recreational 
facilities. 


Important openings now exist for scientists 
and engineers in the following areas: 


Research Department Manager ® Physicist Ph.D. or 
equivalent to manage creative, imaginative group 
engaged in exploring new imaging technologies. 


Physicists and Physical Chemists ® for fundamental 
studies in materials science, gaseous electronics, 
electrostatics, and solid state research. 


Organic Chemists ® for development of novel photo- 
conductive materials and devices. 


Paper Chemists ® Ph.D., to do exploratory studies 
in paper technology. 


Engineers @ B.S. or M.S. in chemical or electrical 
engineering to work on data storage, transmission, 
display and retrieval systems. Also, B.S. in mechani- 
cal or electrical engineering for manufacturing divi- 
sions. 


Please send your resume and salary history in con- 
fidence to Mr. Lee B. Sund- 


sted, Xerox Corporation, Dept. E 
AS-6, P.O. Box 1540, Roches- 
ter 3, ‘New York. an equal opportunity employer 
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EXECUTIVE SECRETARY’S PAGE 


. Edward D. Amstutz 

. Keith Maxwell Anderson 
. Miriam Magdalene Ausman 
. John McDonell Augustine 
. Mirza Nazir,Baig 

. Achmad Baiquni 

. Miguel D. Barandiarian 
. Patricia May Barger 

. Robert Barker 

. Tery L. Barr 

. Kenneth R. Barton 

. Robert John Bell 

. William H. Beeartz 

. Eugene P. Brantly 

. Barry Breindell 

. Edward N. Brody 

. Linda Jane Brody 

. John Brayton Bronzan 

. Robert Andrew Brown 

. E. A. Bartkus 

. Michael James Cambern 
. Ricardo Antonio Carreras 
. George Cheryan 

. David Kuo-Kien Chow 

. Thomas W. Clarkson 

. Gerrard Coetzee 

. Roy Herbert Cook 

. Dr. Rebecca S. Cox 

. Kathleen Joy Cramer 

. Joseph Colcord Curtis 

. Eugene 8. De Haven 

. Gerald E. Dreifke 

. Robert J. Dummel 

. John Campbell Edgar, Jr. 
. Dean A. Eggert 

. Floyd Elroy Ellertson 

. William Clinton Elsik 

. John A. Enright 

. W. Buell Evans 

. Michael B. Fallgatter 

. Warren William Fee 

. Donald Linn Felt 

. Peter Sutcliffe Fernald 

. Linda Richardson Foster 
. Yhushi Fukmoto 

. Stanley Joseph Gamble 

. John Kenneth Garland 

. Edward R. Garrett 

. Anil C. Ghose 

. David A. Gilbart 

. Gary Gitnick 

. Burdette M. Glancey 

. Robert Douglas Graham 


243. 
. Gerald Groden 

. William L. Hagan 

. Roger D. Haight 

. Max Reutger Hasche 
. Douglass Frederick Hayman, Jr. 
. Dr. Edith Haynes 

. Thomas E. Hoffer 

. Ryukichi Honda 

. Werner K. Honig 

. Dale Kay Huggins 

. Lynn David Ikenberry 
. Robert Lynn Ingalls 

. Kent E. Johnson 

. Thomas Lee Keith 

. Charles Lindley Kemp 
. Robert B. Kerr 

. Fred J. Kieras 

. Jeremy Kisch 

. Joseph K. Kovach 

. Mutsuo Koyama 

. Raymond M. Kramer 

. Eleanor Svea Kutlich 

. John Peter Lekner 

. Marius Lepage 

. Paolo Lepri 

. Stanley J. Leuty 

. Lt. John 8. Lew 

. Arnold A. Liebman 

. Joel Fred Lubar 

. John Leo Madden 

. Robert F. McCracken USN 
. Charles W. McDougal 

. Michael B. McElroy 

. Dr. Manchery P. Menon 

. Roger Edwin Messick 

. Wayne Doyle Mathews 

. Carlos B. Metzadour 

. George W. Miskimen 

. David Campbell Morrison 
. Stanley W. Morse 

. Mrs. Effat A. Mourad 

. Thomas Fabian Necheles 

j. Augustine N. Njoku-Obi 

. Donald C. Noble 

. Robert M. Oman 

. Diarmuid Padraig O’Mathuna 
. Capt. Carl A. Ostrom 

. Sara Leah Page 

. Dr. Edward D. Palmes 
. Robert John Parfitt 

. Gerald Earl Peabody 

. Gary R. Pearson 


Marie Church Griffin 


Motion — with direction: the true test 

of the stability of a corporation. 
Consider NCR. Its motion: toward 

better systems for business. And its 


direction: balanced diversification lead- 
ing to growth and the TOTAL SYS- 


TEMS concept. 
Research and development at NCR 


has been aimed at planned achieve- 


ment for the past 80 years. Practical 
research has made possible new NCR 
products and services, respected 
throughout the world in 120 countries. 
Plans for future expansion of research 
facilities reflect a seriously considered 





BE SURE TO VISIT THE NCR PAVILION AT THE NEW YORK WORLD'S FAIR. 


investment of past years and a strong 


faith in the future stability of the com- 
pany. It is conducive to the advance- 


ment of career-minded scientific and 
engineering personnel. 


Personnel with professional back- 


grounds and interest in organic or 


physical chemistry, solid state phys- 


ics, or chemical engineering in areas 
of paper technology, inks, ribbons, 
coatings, etc., are invited to contact us. 


T. F. Wade, Technical Placement 
The National Cash Register Company 
Main and K Streets, Dayton, Ohio. 45409 
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THE NATIONAL CASH REGISTER CO.. 
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THE SOCIETY OF THE SIGMA XI 
STATEMENT BY THE TREASURER 


The Executive Committee, in March 
1963, voted that certain changes be 
made in the format and method of 
preparing the Financial Statements of 
the Society. The purpose of these 
changes was two-fold: to give fuller 
disclosure and to set forth more pre- 
cisely the true financial picture of the 
Society. 

At the March 1964 meeting of the 
Executive Committee, the ‘Treasurer 
was requested to recast, in the new 
format, the Financial Report for 1963 
which appeared on pages 157-160 of 
the March 1964 issue of AMERICAN 
ScreNnTIST, and to prepare it for pub- 
lication in the June 1964 issue of 
AMERICAN SCIENTIST. 


This was deemed advisable so that 
there may be a comparison with 1963 
operations when the 1964 Financial 
Statements, which will be in the new 
form, are published in March 1965. 

Although the total figures are con- 
sistent between the two presentations 
of the 1963 Financial Statements, that 
which follows differs mainly in the use 
of total figures rather than net, the 
establishment of a Reserve for Deferred 
Payment of Honoraria for Lecturers, 
the accounting for Bills Payable, and 
the realignment of certain classifica- 
tions of income and expense. 


Harvey A. NEVILLE 
Treasurer 


REVISED REPORT OF THE TREASURER FOR 1963 


BALANCE SHEET AS OF DECEMBER 31, 1963 wirH 1962 FIGURES FOR COMPARISON 





1963 1962 
ASSETS 
Bank Balances: 
Union & New Haven Trust Co. 
(Checking Account) 
PRIMEY 1, LOCK. es ise skeen mare eate $ 66,049.65 
Cash Receipts, 1963..............- 434,427.67 
Cash Disbursements, 1963.......... 376,914.98 
Transferred to Trust Dept.......... 51,226.60 $ 72,335.74 $ 66,049.65 
Connecticut Savings Bank 10,000.00 10,000.00 
New Haven Savings Bank 
ET Ca 1 39654... sawisy E x. 5,208.31 
1963 Increase from 
Investment Account........... 789.61 5,997.92 5,208.31 
First Federal Savings & Loan Assn................ 10,000.00 10,000.00 
Naeuonsl Savings PANES oA a a aa 10,000.00 10,000.00 
National Savings Bank (Berg Fund).............. 3,000. 3,000.00 
Society for Savings (Hartford)................... 10,000.00 10,000.00 
Investments: 
Oe ee 227 , 397.86 
Securities Purchased............... 50,436.99 
Secursties Donated. ooo ieda 6,172.50 284,007.35 227,397.86 
AAA TA a ee a a $ $405,341.01 $341,655.82 


172A 


LIABILITIES 





Accounts Payable 1963 1962 
Dec. 31 Bill for Dec. Issue 
AMERICAN SCIENTIST............ $ 27,314.34 $ 27,314.34 rh 
GIN OOA FUNG. occ ci eee rt bee ewes edes as 15,050.00 15,050.00 
oe SS Gs hn rr are 3,000.00 3,000.00 
A A Te E ss coe ccs es EE 22,624.55 22,624.55 
Ada P. McCormick Fund 
pS od (MG © a E TEE EEE 2,697.33 ° 
Honorarium Paid CEE o o h o 250.00 
Interest Received, 1963 >, Se 122.00 2,569.33 2,697.33 
The Hsien Wu and Daisy Yen Wu Fund 
a A TOODA o oae e a 10,157.50 
Securities Received, 1963...... 2,310.00 
Securities Received, 1963.... 3,862.50 16,330.00 10,157.50 
Andpymous Pune. s: cori isoris reso 2,500.00 2,500.00 
Reserve for Grants-in-Aid of Research 
UNDE! RO, E E rr 74,717.49 
Net Decrease, RE Foie oA -alls 0 5 in 0 9,251.42 65,466.07 74,717.49 
Reserve for Prepaid Assessments 
a ni A o EPEE 13,516.00 
Less 1963 Assessments............. 6,888.75 
Plus Assessments Prepaid in 1963... 5,955.00 12,582.25 13,516.00 
Reserve for Life Members 
a A E a AE TEET 100.00 
Fees Received, 1963............... 7,350.00 7,450.00 100.00 
Reserve for Deferred Payment of 
Honoraria for Lecturers............ 6,600.00 6,600.00 
Reserve for Royalties to Authors 
4 OTE A c aa P ai a e NOAE R 1,434.83 
Royalties Received, ae 86.77 1,521.60 1,434.83 
ee E E T on Rw ee T 377.37 377.37 
Capital Reserve 
anuary 1, 1963................... 180,000.00 
Plus Distributed Gain, Dec. 1963... 30,000.00 210,000.00 180,000.00 
Surplus 
Balance, January 1, 1963.. acs 17,980.75 
Plus Undistributed Gain, 1008... «a. 21,289.09 
Less Adjustment for 
Accounts Payable, Dec. 1963..... 27,314.34 11,955.50 17,980.75 
ND, EE o s aa wea ORA $405,341.01 $341,655.82 
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1963 


CasH RECEIPTS 


Annual Assessments (Actual ) (Budget) 
ONG: . cee vn keke roe T a ae $147,990.00 $159,000.00 
u E E oe, E E OAN 14,260.50 15,000.00 
Membership-at-Large.... ....... y 73,625.80 66,000.00 
ees 
Life Membership................. i 7,320.00 a 
Pera s ea a hn a aes E 2,367.44 1,000.00 
CL M E oe ee 41,984.00 40 ,000 .00 
Installations and Charters 

CONOR. cui. aed one os a Ue 200.00 200.00 
EG. 5 Ame os eee ge ae tas 175.00 250.00 

Contributions 
James Cattell Fund................. 3,000.00 3,000.00 
Membership-at-Large...... ss 27,615.60 
Chapters and Clubs................. 1,067.93 34,183.55 i 
Anonymous Donor................ 2,500.00 35,000.00 

Subscriptions to AMERICAN SCIENTIST 
Non-members..................... 9,466.22 10,500.00 

Advertising....../....5... aa | 63,654.30 80,000.00 

Science in Progress 
OE a aa a l oe 98.15 500.00 
oni. PEOP 03%— oS eee i 86.77 

Lectureships 
|. , E es. P ey 6,750.00 7,200.00 

Inmignia Royalties..................... 2,619.02 2,400.00 

Investments 
Interest and Dividends.............. 13 , 744.80 13,750.00 

RESA 
AMERICAN SCIBNTIST................ 8,800.00 8,800.00 
LI N ERTER Ghd beeen Bin bos 2,000.00 2,000.00 
Grants-in-Aid of Research............ 2,000.00 2,000.00 

L ETIT 5 6.0.5 o's scc kn ee sh ceeds 102.14 100.00 

Total Cash Receipts.......... $434 , 427.67 $446 , 700.00 
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1963 


CasH DISBURSEMENTS 


Salaries (Actual ) 
OE eee TT $ 54,399.76 
AMBRICAN SCIENTIST. ..............-. 10,600.00 
Science in Progress............. baii 500.00 
Ln co. eee ee 1,979.63 
o De Taig ies ha ees 8 oa 367.35 

Honoraria 
AMERICAN SCIENTIST. ...........--.- 2, 225.00 
S CE, 6 co 4d veces. see see 12,270.00 

Rent 
TS | a a 2,448.00 
AMERICAN SCIENTIST................ 1,440.00 

Printing 
AMERICAN SCIENTIST................ 127,617.46 
Manual of Procedure................ 1,053.96 
OA DOOKIOG... n oonan o ees 1,902.08 
oS a a ee 342.50 
CE E E E TE rr 7,857.42 
n oe Be a r © ao on E 1,509.40 

Postage and Mailing 
NESS ae ane oaos aa 7,194.50 
Sarangi IOSMNTIOT: ©... ee ee 11,585.64 

SENCE in: Progress... . is... oonan 83.69 

Supplies and Expenses 

rence nei Bie et Ee as 6,649.09 
AMERICAN SCIENTIST................ 1,980.75 

ics a osc Sivies 04 2 4 08 5 8 865.16 

Travel and Expenses 
Officers and Committees............. 5,929.05 
e T ee at gS E 6,110.73 

Research—Grants-in-Aid............... 82,279.95 

Advertising Expense................... 17,583.76 

Management Survey................... 6,757.00 

Miscellaneous 
a 6656 G's de ese ee cee ns 300 . 00 
E.D.P. (Rent & Service)............. 2,099.14 
HS a ETF 17.24 
ee gl Sa ae ee a i 966 . 72 

Total Cash 
Distursemenis........;. cas $376,914.98 


(Budget) 
$ 50,000.00 
13,000.00 
750.00 
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Tora Receipts (and Distribution of Gain) 


Total Receipts: 


Cash $434,427.67 
Securities—Gift of 
Mrs. Daisy Yen Wu 6,172.50 
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Decrease: $6, 888.75 Prepaid Oo a a E, 


Reserve for Life Membership 


E E E E ATA E ET E EE TETES 


Reserve for Deferred Payaicat of Honoraria for Lecturers 


TROVOONG? “BO GOUIIOS 2 6 Sacnp oa ud cba oe baw ae 0 ee 


Anonymous Fund 


Deaan: MD agi a noes, 6, ohussasavs S's. 6 ace. co dls Helge Pip aa eee 


Reserve for Authors’ Royalties 


Per CME TT rcs a ala lee. E aiaS del aad ame A 


Capital Reserve 


MOTORSG?. SOO AW a nis bat cet pasos cc dee bap heme 


Tobin! Peete We oe, ow ac ce daamcenhe cas’ 
Total Undist na GG 5... 5 ova boc ve cn ee ken seems 


176A 


$440 , 600.17 
376,914.98 


$ 63,685.19 


$ 6,172.50 


(128 .00) 
(9,251.42) 


(933.75) 
7,350.00 
6,600.00 
2,500.00 

86.77 


30,000.00 


$ 42,396.10 
21,289.09 


$ 63,685.19 





in the Front Yard 


Above and beyond these two members of the professional staff arriving 
at MRI's main entrance is the William Rockhill Nelson Gallery-Mary Atkins 
Museum, which houses one of the nation’s major public art collections. 
The Gallery generously loans prime selections from its European, Ameri- 
can and Oriental holdings for rotating exhibits in MRI’s lobby. And it is 
but a pleasant stroll up the park-like mall for noontime visits to the 
Gallery, where lunches are served and time affords leisurely inspection of 
permanent and traveling exhibitions. Moreover, several MRI wives find 
satisfaction as members of the Friends of Art or in the classes offered 
their children by the Junior Gallery and Creative Arts Center. 


The cultural traditions of the Midwest are among the attractions of a 
rewarding professional life at MRI. A great technical library crowns a 
nearby hill; MRI’s property adjoins the University of Missouri at Kansas 
City in another direction. Research programs at MRI are growing, produc- 
ing fresh staff opportunities and creating upper-level openings for the 
best technical men available. Your inquiry will be followed by discreet 
details, furnished as directed. 


MATH & PHYSICS Physicists (Ph.D., M.S.) for current investigations of phonon- 
phonon interactions (experimental and theoretical experi- 
ence related to ultrasonic and/or hypersonic wave propagation in solids)... Senior 
Analysts (Ph.D., M.S.) to plan, initiate and conduct research in theory of traffic flow, 
military operations, simulation, gaming and similar fields (experience in operations 
research, statistical analysis or statistical quality control)... Solid State Physicists 
(Ph.D.) to investigate surface effects in dislocation motion, utilizing transmission elec- 
tron microscopy and x-ray analysis (experience in dislocation interactions and their 
relationship to plastic deformation) . 


CONTACT: MARTIN N. SCHULER 


MIDWEST 
RESEARCH 


INSTITUTE 





425 VOLKER BLVD, KANSAS CITY, MISSOURI 64110 
An Equal Opportunity Employer 
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COMMENTS BY THE TREASURER OF SIGMA XI 


Frequently, the Officers of the Society 
and members of the Executive Com- 
mittee are asked: How much does the 
Society spend on Grants-in-Aid of 
Research? What does it cost to pub- 
lish AMERICAN SCIENTIST? How are the 
costs shared in the National Lectureship 
Program? 

There are a number of methods by 
which these values might be obtained— 


but none actually gives a complete 
picture for there are a number of ir- 
reducibles or unallocatable costs. How- 
ever, the following figures reflect a 
reasonable comparison of the costs and 
income for these activities: 


From the preceding Financial State- 
ment for 1963— 


ACTIVITY EXPENSES INCOME 
AMERICAN SCIENTIST 
CE eo een ements $ 10,600.00 
Sey) i a ae a 2,225.00 
oe ree eee ere 1,440.00 
PO. ne Spe rk 127,617.46 
Postage & Mailing........... 11,585.64 
Supplies & Expense.......... 1,980.75 
Advertising Expense ......... 17,583.76 
$63,654.30 Advertising 
9,466.22 Subscriptions 
(non-members) 
8,800.00 RESA 
Allocation of National Head- 
quarters Expenses for 
AMERICAN SCIENTIST* 
Se eee E s $ 15,000.00 
ee eee ee 1,500.00 
Total Expense........ $189,532.61 $81,900.52 Total Income 
GRANTS-IN-AID OF RESEARCH 
OS eee re eee oe $ 82,279.95 
Travel & Expense............ 500. 00 
CE a, Een Soa eae a 3,000.00 
$34, 183.55 Contributions 
2,000.00 RESA 
3,000.00 Cattell Fund 
Total Expense........ $ 85,779.95 $39,183.55 Total Income 
LECTURESHIPS 
MONON i hx xing al wns $ 12,270.00 
Travel & Expense............ 6,110.73 
E T O bs we eee en a 3,480.00 
$ 6,750.00 Fees 
2,000.00 RESA 
Total Expense........ $ 21,860.73 $ 8,750.00 Total Income 


(* Allocation of National Headquarters Expenses—Salaries and Supplies—in support 


of AMERICAN SCIENTIST—are estimates ) 
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Report from 


BELL 
LABORATORIES 


MICROWAVE 
RADIO SYSTEM 
USES NEW 
FREQUENCY 
DIVERSITY 
ARRANGEMENT 


Microwave stations, like the 
one shown here, must often 
be located at remote sites. 
Therefore, the new system was 
designed with equipment 
packages for easy installation 
at such sites, with simple 
battery operation, and with 
an automatic alarm system 
that provides quick trouble 
location. Each radio channel 
is capable of carrying 600 


telephone conversations. 





Microwave radio systems carry much of the telephone, 
network television, and data traffic of the Bell System. 
First introduced in 1948, microwave radio is used 

both for coast-to-coast backbone routes and for shorter 
routes carrying smaller amounts of traffic. Because 

of the extensive growth in the use of microwave systems 
and the likelihood that this growth will continue, 
available bands of frequencies must be used efficiently — 
otherwise congestion could result in the future. 


The Federal Communications Commission has assigned 
three broad bands of frequencies for use by the common 
carriers, centered on 4000, 6000, and 11,000 megacycles. 
Because of atmospheric effects, transmission is more 
reliable in the lower two bands; thus the backbone long- 
haul routes of the Bell System operate in these bands. 
However, the 11,000 megacycle band is satisfactory 
most of the time, with transmission impairment 
occurring only during heavy rainstorms. 


Engineers at our Merrimack Valley Laboratory 

(North Andover, Massachusetts) have developed a new 
microwave system which can operate alternatively 

in the 6000 and 11,000 megacycle bands. Should fading 
Or equipment troubles occur while operating in 

one band, the system automatically switches to the 
other band—so rapidly that a television viewer, 

for example, cannot see or hear any difference. 

Thus reliable transmission is assured and 

available microwave bands are used efficiently. 


The new system is designed to be economical 

for short-haul service—i.e., for routes up to 250 miles 
in length. It handles broadcast TV, educational TV, 
telephone or data with complete flexibility. 

Belt Laboratories engineers have worked closely with 
Western Electric Company manufacturing people 

to ensure maximum performance, reliability, 


and economy. BELL TELEPHONE 
LABORATORIES... World Center of 


Communications Research and Development 
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THOMAS T. HOLME 


Professor of Industrial Engineering, Yale University, was elected at the 
Sixty-fourth Annual Convention of Sigma Xi in Cleveland, Ohio, in 
December 1963, to a third Five-year term as Executive Secretary of the 
Society. He succeeded Professor George A. Baitsell of Yale University 
as Acting Secretary in 1953. 
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ATOM TO ADAM 


By MELVIN CALVIN and G. J. CALVIN 


HE course of the social history of man from the timehe became capable 
F recording his progress is popularly considered the only “recorded” 
history. This “day” in the history of mankind is so brief in relation to all 
history and has been so exaggerated in importance as to obscure the 
long course of evolutionary development preceding this period. Because 
man has emphasized his own personal history, much as an individual 
views the importance of his own brief years in relation to recorded his- 
tory, the natural laws which govern the development of man—and the 
countless life forms which exist with him—are frequently isolated from 
those laws which govern other matter in the universe. 

It is difficult to consider living things as a far product on the long con- 
tinuum from (organic) element to Einstein. However, as we learn ever 
more details of the composition of living things, the course becomes 
clearer, and the experimental evidence more corroborative, that the 
entities known as “living” follow the simple molecular laws of chemistry 
and physics, just as do the chemicals on the shelf. It becomes clear, too, 
that atoms can be combined into molecules and macromolecules in test 
tubes today in much the same way as was possible under the conditions 
when the earth was new. 

The expanded knowledge about the atomic and molecular constitu- 
ents of which living things are made, together with an increased under- 
standing of the way molecules interact with each other, i.e., communicate 
with each other, so as to produce what we now recognize as living organ- 
isms, has had two very interesting results. The first has been to stimulate 
scientists to create hypothetical schemes leading from the primeval non- 
living earth to the present day [1, 3, 10, 11, 12, 13, 14, 16, 25, 27, 28, 29]. The 
second has been to induce scientists to devise experimental ways to test 
some of these schemes in points at which they might be amenable to 
experimental laboratory tests. A certain degree of success in a variety of 
these laboratory experiments has, in turn, modified the original theories 
and has even led to new experiments in both chemistry and biology. 
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Terrestrial Chemical Evolution 


Conjecture as to the origin of life on the earth must involve knowledge 
of the behavior of molecules in the prebiotic period as well as a detailed 
and intimate understanding of the composition and function of living 
matter. 'Thecomplexity of the problem is both simplified and exaggerated 
by contemplation of the qualities which distinguish nonbiotic systems 
from those we call “alive.” There is a high level of disagreement among 
scientists who try to define the minimum requirements for living systems. 
This fact is in itself significant for it demonstrates that the borderline 
between the living and the nonliving is a difficult thing to recognize. 
There is no problem in distinguishing the living from the nonliving at the 
extremes of the scale; there is difficulty only at the borderline. 

At this borderline, a living system has no sharply defined characteris- 
tic, easily distinguishing it from a nonliving system. Rather, a living sys- 
tem is a molecular aggregate possessing a collection of properties which 
make it indisputably recognizable as “living” at only one end of the scale 
and as “‘nonliving”’ at the other end of the scale. But, somewhere in 
between, the nature of this collection of properties is such that there are 
those who will say that the system is “alive” and those who will say it is 
not. 

Of these various properties, I am going to choose two which I think 
everyone will accept as necessary, although perhaps not sufficient, at- 
tributes of a molecular system in order for it to be called “alive.” These 
two properties are (1) the ability of such a molecular aggregate to trans- 
fer and transform energy in a directed way; and (2) its ability to remem- 
ber how to do this, once having “learned” it, and to transfer, or communi- 
cate, that information to another system like itself which it can con- 
struct. The two are, restated: (1) The transfer and transformation of 
energy and (2) the transformation and communication of information. 
In a sense the second—that is, information transfer—may be thought of 
as including the energy transfer problem as well, but I like to think of 
them as separate problems. 

Molecular Construction: There seems to be a fairly general agreement 
that the primitive earth was originally surrounded by an atmosphere 
which was composed primarily of reducing material—that is, the atoms of 
hydrogen, oxygen, carbon, and nitrogen in their fully reduced, or hydro- 
genated, state. This corresponds to the relative cosmice abundance of the 
very same elements—hydrogen being the most abundant (20), oxygen the 
next, etc. Thus, the atmosphere of the primitive earth is envisioned as 
containing mostly the atoms of hydrogen, carbon, nitrogen and oxygen 
combined only with the overwhelmingly dominant hydrogen giving 
molecular hydrogen, methane, ammonia, and water. 

What kinds of compounds can we make from these primordial mole- 
cules? Ultimately we will have to make from these starting materials the 
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chief components of living organisms which are three polymers that we 
recognize as essential, namely, the proteins, the nucleic acids, and the 
polymeric substances known as polysaccharides, cellulose, starch, etc. 
(composed of simple sugars made of carbon, hydrogen, and oxygen with 
relatively small amounts of nitrogen and a few other elementg (Fig. 1)). 
We have tried to devise ways and means of making the monomeric ma- 
terials of which these polymers are constructed and then of finding ways 
of evolving the polymers themselves by nonbiological routes. It is at this 
level that we can inject experimental observation, and this has been done 
not only in our laboratory but elsewhere as well. 

We thus have to accomplish two stages of chemical evolution, i.e., (1) 
we have to transform the primeval molecules made of carbon, oxygen, 
and nitrogen, attached to hydrogen, into the small primitive molecules 
which are the monomers from which (2) the polymers are eventually 
evolved. 


ATOM MOLECULE POLYMER 


Hydrogen Acid ——~> Lipid 
Carbon Sugar ——> Cellulose, Starch etc. 


Oxygen Base Nucleic Acid 
Nitrogen Amino Acid —> 


Fig. 1. Schematic representation in chemical terms of the set of formations which 
have to be accomplished from the atoms to produce the structure of the cell. 


The time scale which is available to perform these transformations is 
given in Figure 2. The formation of the present earth took place some- 
where around 4.7 billion years ago. Overlapping with this period begins 
the period of chemical evolution which covers almost the entire time 
scale. The earliest known generally accepted fossils are less than one bil- 
lion years old. However, it has been reported that there is organic mat- 
ter—formed elements and even recognizable structures—in formations 
about 2 billion years old in the Gunflint chert of Northern Michigan (45). 
This chert is a carbonaceous formation in which one can, in section, see 
formed elements which appear to be primitive blue-green algae. The 
earliest known fossils in an unequivocal sense appeared in the Cambrian 
period, but I believe that the primitive blue-green algae formations in 
the Precambrian material from Michigan might push the dating of the 
early fossils back about another billion years. While the period of chemi- 
cal evolution may be shorter than shown in Figure 2, organic evolution, 
as it is commonly defined, must have begun at least 2 billion years ago. 
The moment that living organisms appear, the processes which we de- 
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scribe as nonliving or chemical (evolution) may have had a rather sharp 
decline because the living material would rapidly absorb and convert 
the primitive molecules and the relatively slow nonbiological chemical 
change would be cut off. 

You will notice from Figure 2 that the evolution of mammals is rela- 
tively recent, and the evolution of man himself by the process of random 
mutation and selection occupies an even still shorter period of the time 
scale. What I have called “Social Evolution” is so small that it can’t be 


TIME IN 
MILLIONS EVENTS 
OF YEARS 


Evolution of Man 
Mammals appear 


Earliest Vertebrates 
Earliest known Fossils 
(Cambrian) 


Organic Evolution 


Chemical Evolution 


Formation of the 
present earth 


P Genesis of the Universe 





Fig. 2. Time scale for total evolution. 


represented on this time scale; in fact, it is a matter of only a few thou- 
sand years. One might say a new kind of social evolution has only just 
begun in the last century or two, since man has had in his own hands the 
ability to manipulate a living organism in a directed way. 

We will concentrate on the period of chemical evolution and the bor- 
derline period of biological evolution, during which living cells first ap- 
peared. Photosynthesis must also have begun at this time [4], and, as 
soon as this phenomenon appeared, the whole scheme of animal evolution 
and plant evolution, as we now see it in the fossil record, began and really 
“exploded” at an enormous rate. 

I am not going to be concerned too much with this intermediate region 
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of organic evolution except to describe its principles of direction which 
were determined (and still are) by the principles of chemical evolution 
which gave rise to the living organisms in the first place. 

Figure 3 depicts the primeval and the primitive organic molecules 
with which chemical evolution began about 4.7 billion years ago. The 
energy sources that were used in the transformation were any of several: 
ultraviolet light from the sun, cosmic radiation, radioactive minerals on 
the surface of the earth, and the streaming of the atmosphere due to ther- 
mal convection giving rise to the generation of electrostatic potentials and 
electric discharges. These various sources of energy induced the fractur- 
ing of the carbon-hydrogen, hydrogen-oxygen, hydrogen-nitrogen, and 
hydrogen—hydrogen bonds in the primeval atmosphere to give high en- 


H Hi H H 
H-O O=C=0 H-Ç-H | N-H 
Carbon H H 
Water dioxide Methane Hydrogen Ammonia 


0 H H 
1 i i 
H-czN H-Ġ-OH H-G=0 HOCHọ-C=O CH3-C-OH 
kiyapyome Formic acid Formaldehyde Glycolaldehyde Acetic acid 
aci 


9 Q pi y 9 Q 
HO-C-CH2-CH2-C-OH HoN-CHp-C-OH CH3-CH-C-OH HO-C-CHp-CH-G-OH 
NHo NHo 


Succinic acid Glycine Alanine Aspartic ocid 


Fig. 3. Primeval and primitive organic molecules. 


ergy intermediates which were then recombined to intermediately stable 
forms shown in the second row of Figure 3. In the last dozen or so years 
this kind of evolution has been demonstrated in the laboratory. In our 
first experiments in 1950 using ionizing radiation from an accelerator, 
we showed the conversion of carbon dioxide in water and hydrogen to 
produce formic acid, formaldehyde, etc. (15). Within a couple of years 
after that, Stanley Miller used methane and ammonia in the reaction 
mixture with the resulting appearance of amino acids—glycine, alanine, 
aspartic acid (21, 22). This started the search for all of the primitive mono- 
meric molecules which are the constituents of the three polymers so 
essential for the construction of living organisms [30]. 

In general, these processes of energy transformation—aultraviolet light, 
radioactivity, electric discharge—involving the conversion of the pri- 
meval to primitive molecules—took place in a random way. The same 
forces which disrupt the primeval molecules can also disrupt the primitive 
monomeric molecules as well. One must therefore seek autocatalytic 
processes which would select among the various possible recombinations 
and which favor one or another of these primitive molecules (1). In gen- 
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eral, this search has been successful. By adding mineral catalysts, for ex- 
ample, iron, zinc, etc. (which may give rise to more complex substances) 
to such reaction mixtures, porphyrins show up quite early in the evolu- 
tionary scheme and, in turn, these are catalytic for their own formation, 
thus giving rise to a molecular selection in the course of chemical evolu- 
tion. 

It is possible to produce from the primeval] atmosphere a collection of 
primitive monomeric molecules in solution. It has recently been shown 
that HCN is formed in this way {32}, and the pentamer of HCN, adenine, 
as well, even in this dilute solution [35). From adenine (a nucleic acid 
constituent) it is possible to make other heterocyclic bases which are 
necessary for the construction of the nucleic acids. Not only adenine but 
sugars are also formed from the formaldehyde which comes directly from 
carbon dioxide, or from methane, hydrogen, and water. Thus, in this 
mixture there is already present the base and the sugar. 

In the last several months, Ponnamperuma has obtained adenosine 
upon ultraviolet irradiation of a dilute solution of ribose (36) (the five 
carbon sugar which is required for the formation of the riboside), together 
with adenine. If this adenosine is irradiated with ultraviolet light ab- 
sorbed by the adenine in an aqueous solution of a pyrophosphate ester, 
adenylic acid is obtained and even adenosine triphosphate, ATP, as 
well {37}. It has been demonstrated that not only can building blocks of 
today’s organisms be generated by abiogenic processes, but the basic 
“energy currency” (ATP) used by all organisms can be formed in a 
similar abiogenic conversion of the prime energy sources, ionizing energy 
and light. 

Polymerization: The whole sequence of events from methane to the 
mononucleotide and the other monomers has now been carried out by the 
random supply of energy of the right kind to the primeval molecules. 
Is it possible to construct, under similar circumstances, the polymers 
which are required both for structure and for information storage and 
transfer? The nucleotide is still not a polymer—it is only the mono- 
meric unit which ultimately has to combine with another one through 
phosphate linkages. In order to get the polymer from, for example, 
adenylic acid, it will be necessary to do another condensation reaction 
between the phosphoric acid group of one molecule and one of the alcohols 
on another adenylic acid molecule; thus a bifunctional unit is maintained 
which can be used in further condensation, leading eventually to the use- 
ful polymer. 

In the case of the amino acids, we also have a bifunctional form (the 
carboxyl at one end of the chain and the amino group at the other), and 
there are a variety of R groups, depending on the molecules with which 
one starts. These bifunctional molecules can then be combined into a 
polymeric form by a dehydration reaction. Figure 4 shows the nature of 
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the dehydration reaction of the precursors which lead to the proteins, 
polysaccharides and nucleic acids, the biopolymers. This is an area ripe 
for experimental exploration, although enough success has already been 
achieved to warrant their presumption. 

The question now is: what kind of dehydrating agent(s) is (are) 
necessary to bring this sequence of events about in a nonbiological system 


PROTEINS amino (carboxy! | 
Q H 9 
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a! ee n 
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Fig. 4. Dehydration reactions leading to biopolymers. 


in a dilute water solution? This kind of thing was recently done in the 
laboratory by using hydrogen cyanide, HCN, itself as a dehydrating 
agent. HCN is an anhydride of formamide and it may behave as a specific 
dehydrating agent, even in dilute aqueous solution. By heating amino 
acids in solutions of HCN, one is able to obtain not only adenine but poly- 
mers of the amino acids as well t181. Figure 5 shows a possible mechanism 
by which HCN might function as a specific dehydrating agent. The anal- 
ogy of this reaction to the established synthetic reaction using carbodi- 
imide is apparent [17]. The possible more or less specific dehydration con- 
densation function of the wide variety of phosphoric anhydride deriva- 
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tives has long been under exploration u71, and their more recent [43, 49, 37] 
application in aqueous solutions is even more promising. 

There are also other means of obtaining polypeptides, polyphosphates, 
esters, etc., for example, in a nonaqueous medium such as one might get 
in tidal pools by evaporation and concentration. 


Generation of Order and New Information 


If it is accepted that we can construct polypeptides, polynucleotides, 
and polysaccharides by nonbiological methods, this in itself is a major 
step toward the structured features which are required for organized 
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DEHYDRATION OF AMINO ACIDS TO FORM PEPTIDES BY HCN 
IN AQUEOUS AMMONIA 


Fig. 5. Possible mechanism of peptide formation with HCN as dehydrating agent 


energy conversion and information transfer. Evidence is accumulating 
that the secondary, tertiary, and even quaternary structure of proteins 
and nucleic acids are thermodynamically stable forms of a particular pri- 
mary structure, resulting from the simple dehydration polymerization 
reactions. I would like to make some experimental points which will help 
demonstrate that such structural information which is required for both 
efficient energy conversion and for information transfer is contained 
ultimately in the monomeric sequences that one finds in either of these 
two principal types of polymers—namely, nucleic acids and the proteins. 

Protein Structure and Function: From amino acids one can make a poly- 
peptide of some particular amino acid sequence, and this polypeptide will 
assume a definite structural arrangement which is not random in solution. 
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The structure assumed depends upon the various atoms of which it is 
constructed, particularly on the amide carbonyl and the amide NH 
group, and upon an interaction between the R groups themselves. These 
latter may be any of a variety of types: hydrophobic bonds, van der 
Waals’ interactions, electrostatic interactions, hydrogen bọnds, ete. 
For our purpose it is enough to know that there are forces which hold the 
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PROTEIN STRUCTURE 
Simple structural principles — Variety of chemical reactivity 


Fig. 6. Protein structure. 


polypeptides in definite conformations, such as shown in Figure 6. The 
polypeptide contains within its linear structure the necessary information 
to give rise to the well known helix. This helix of the protein is a second- 
ary macrostructure of a higher degree of order than that defining the 
amino acid sequence alone and which is spontaneously assumed by the 
primary structure. Evidence for this is abundant. 

For example, it is possible to destroy the secondary structure and then 
see if it will reform. This phenomenon is demonstrated in Figure 7, 
which shows it for polyglutamic acid. At pH 8, the gamma-carboxyl 
groups on the end of each glutamate are ionized to produce negative 
charges which repel each other strongly enough to destroy the alpha helix 
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structure. This is manifested in the form of the optical absorption of the 
amide linkage. When the amide linkages are randomly oriented with 
respect to each other (random coil at pH 8), there is a higher optical ab- 
sorption. At pH 4.9, when the carboxyl groups are not ionized, the alpha 
helix is reformed and there is a new optical transition in the ordered array 
of the amide linkages. The effect is reversible (44). This demonstrates 
that the secondary structure of the polymer is already contained in the 
primary amino acid sequence. 

Much more than the limited information required for the secondary 
structure is contained in the primary amino acid sequence. The so-called 
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Fig. 7. Absorption spectrum of polyglutamic 
acid in both helical and random coil forms. 


tertiary structure is contained as well. The tertiary structure may be con- 
sidered as the folding of the alpha helix coil on itself in some special way. 
In general, the way in which tertiary structures are arranged with respect 
to each other could be called quaternary structure. The definition of this 
fourth level of order is at present under lively discussion by chemists, 
physicists, and biologists (8). It appears that both tertiary and quaternary 
structure follow from primary sequence as well. 

The evidence for the fact that the tertiary structure is contained in the 
primary amino acid sequence is just coming to hand. (It appears to have 
existed for some time, but has not been recognized as such.) The primary 
form of that evidence is the reversible denaturation of enzymes. Enzymes 
in general are proteins which not only require a particular amino acid se- 
quence and a helical structure, but need helical sections structurally re- 


ATOM TO ADAM 173 


lated in space to each other in the proper way. For example, it is not 
uncommon to have the functional groups of an enzyme consist of an 
imidazole group of a histidine residue and a hydroxy] group of a serine 
residue, and they may be in different parts of the protein chain. In the 
active form of the enzyme they function together, side by side, on the 
same substrate. Since we know the primary sequence, we therefore 
know that the helical part must have tertiary structure which brings the 
histidine and serine residues together so that the two groups can func- 
tion cooperatively, for example, in the hydrolysis of an ester. Thus we 
know that there is tertiary folding. 
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Fig. 8. Molecular drawing of components of DNA. 


Recently it has been demonstrated in a number of cases that one can 
inactivate an enzyme and show that this inactivation involves the de- 
struction of the tertiary structure, or the quaternary structure, in which 
subunits are packed together but not linked by primary valence. By 
suitably incubating the inactive material, as much as 95% of the enzy- 
matic activity can be recovered. This means that the tertiary and quater- 
nary structures (depending upon what the enzyme is) have been reformed 
spontaneously [8]. One can carry this denaturation clear down to the 
random coil level—that is, go all the way down to the primary structure 
—and can climb almost all the way back through the alpha helix into the 
tertiary folding and even into the quaternary aggregation. This last has 
indeed been achieved in the case of the enzyme aldolase [s}. 

The whole purpose of this discussion is to demonstrate that the pri- 
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mary sequence of the R groups in a polypeptide contains all of the 
necessary information—enough to construct a whole active-functioning 
structure as a thermodynamically stable form. 

Nucleic Acid Structure and Function: The same phenomenon which was 
discussed for the structured arrangement in the polypeptide holds true 
for the polynucleotide as well—that is, having formed the linear array, 
the helical structure follows from it. Figure 8 shows the linear construc- 
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Fig. 9. Base pairing for DNA replication and RNA template formation. 


tion of the polynucleotide. It is a 2-desoxyribose phosphate-3,5-polymer, 
and to each desoxyribose sugar molecule is attached one of the hetero- 
cyclic bases (thymine, cytosine, adenine, and guanine) by 1-glycoside 
amino linkage. The base pairs (A-T and C-G) each form a flat plane 
aromatic system, and the two polymer chains are held together by the 
hydrogen bond joining them. If the chains are twisted, a helix is formed 
as shown in Figure 9. The same sort of base pairing seems to occur for the 
ribonucleic acids as well as for the desoxyribonucleic acid. 

It now seems clear that one of the principal functions of this latter 
simple type of linear polymer is the storage and transfer of information 
which is coded into the base sequence in the linear array 19, 19, 26). 

While adenine, cytosine, guanine, and uracil are the principal bases in 
RNA, there are some half-dozen methylated bases as well which are pres- 
ent in trace amounts and which undoubtedly represent informational 
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marks along the RNA chain. There are probably a variety of rare special 
bases in the DNA as well, but this information is only now beginning to 
appear. One can see that the occasional presence of trace bases would 
give rise to much additional information in such a linear array. 

Here, the double helical structure is something which is the permanent 
and stable form determined solely by the base sequence. One can 
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Fig. 10. Hyperchromism on nucleic acid [44]. 


demonstrate this in a fashion similar to that used for the polypeptide— 
disorganization with random coil formation, and recoiling (helix forma- 
tion) as a spontaneous process depending on the thermodynamics of the 
situation. Figure 10 shows data for such a demonstration in nucleic acid. 
Here, at the absorption maximum at 2600 A, the random coil has larger 
absorption than the helix (44). One can go back and forth between the two 
types, in this case by simply changing the temperature. This is one more 
bit of experimental evidence to show that the structural information re- 
quired for energy transfer in an ordered system 148}, on the one hand, 
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and for information storage and transfer, on the other, are both thus 
contained in the linear structure of the corresponding polymers. 

The Next Level of Organization: Finally, I would like to say something 
about the next higher order of structure reaching into the range of the 
visible—structures that can actually be seen either by electron or optical 
microscopy. Such structure also may be the ultimate resultant of the 
primary structure of the polymer. Figure 11 shows some collagen fila- 
ments. In the upper part of the figure they are separated into individual 
helices. If the proper types and amount of salt are added to a solution of 
these helices, they will aggregate, and collagen fibrils appear which 
look exactly like the natural collagen fibrils. The lower part of the figure 
shows some of the reconstituted fibrils. We are now getting into the 
visible region of structure. 
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Thus, we have outlined a possible sequence of events to traverse the 
entire route from methane, ammonia, and water into visible biological 
structure. The point is that the information required to build visible 
biological structure appears to be contained in the electronic structure of 
the constituent atoms and the resulting molecular structure itself [5). 
The possibility remains that some of the visible organizations of macro- 
molecules (such as the lamellae of the chloroplasts) may themselves be 
the templates (analogous to crystallization nuclei) for their own repro- 
duction. There is some suggestion of the existence of such nonchromo- 
somal information transfer not only in the fact that, once lost from cer- 
tain cells {39}, they do not return, but in more subtle changes as well [42]. 

We will not discuss here the organization of these macromolecules 
(proteins, nucleic acids, carbohydrates) into cellular units, since experi- 
mental information is lacking. We know that such units exist and may 
even have a certain limited number of forms common to all living cells— 
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Fig. 12. Electron micrograph showing the “fundamental particles” of biology: 
ribosomes, electron transport particles of the mitochondria, quantasomes of the 
chloroplasts and unit lipoprotein membrane. (a) Chlamydomonas cells showing 
chloroplasts, mitochondria, ribosomes, and membranes [41]. (b) Spinach chloroplasts 
showing quantasomes [34]. (c) Negative-strained mitochondria [33]. (d) Polysomes 
making hemoglobin [46]. 


the “fundamental particles” of biology 131}. Figure 12 shows four of these 
units: the ribosomes, the electron transport particles of the mitochondria 
(more recently called oxysomes), the quantasomes of chloroplasts and 
the unit lipoprotein membrane so essential to the enclosure of the cell 
organelles as well as the cell itself. There is little information about the 
physics and chemistry of the organization of the macromolecules into 
closed, membrane-bounded packages which we call cells [50). The gradual 
evolution of biologically active membrane structures from simple mono- 
molecular films can as yet only be imagined and remains to be experi- 
mentally demonstrated. 


Information Transfer 


We have now arrived at the stage of enclosing the energy transfer and 
information communication apparatus within a cell wall. The next prob- 
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lem is to pass this structural and operational information from one cell 
to another. Here, we introduce two subdivisions of the information trans- 
fer process: (1) the transcription of information from one molecule to 
another, in which the language is still the same, i.e., simply passing 
knowledge from one place to another without using it; and (2) the trans- 
lation of the instructions which may be contained in the transcription into 
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Fig. 13. Structure of protein and nucleic acid. 


the construction of a new cell, i.e., following the instructions to create the 
machine which can manufacture a new set of instructions. The informa- 
tion may be transmitted from one cell to another, coded in a linear se- 
quence of bases in a nucleic acid (i.e., transcription), and then that linear 
sequence of bases is translated into a linear sequence of amino acids which 
gives rise to the structure of the cell itself. How is this translation ac- 
complished? 

Figure 13 shows the two kinds of linear arrays: the bases in the nucleic 
acid which contain the coded genetic information which is handed on 
from one cell to another, and the proteins (used by the cell in structural 
and enzymatic functions) which require only the specification of a linear 
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array of amino acids. The coded transcription is made by zipping up 
another set of the nucleic acid bases complementary to the first one, 
following which the two strips are separated with one going to the daughter 
cell, thus accomplishing information transfer. The translation of one kind 
of linear array into the other is a much more complex operatien. All sorts 
of information-handling machinery exist in the cell for this purpose, and 
the control apparatus which determines when to read, translate, and carry 
out a particular bit of the available instructions is only now becoming 
slowly known to us. In the last few years, it has become possible to begin 
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Fig. 14. A sequence of events of the molecular communication problem. 


the first step in the compilation of the “dictionary” for the translation. 
How the actual translation is accomplished is more complex. 

Figure 14 summarizes some current thoughts of how the translating 
mechanism may be regulated. In the parent cell, DNA replication 
(transcription) takes place by matching the bases in one helix to produce 
another polynucleotide which is then transferred to the daughter cell. 
The upper left-hand corner depicts the new daughter cell containing the 
new DNA which is now ready to be translated into the formation of a 
whole organism. How is the linear array of bases translated into protein 
molecules which are both structural and enzymatic? From the DNA, a 
linear array of complementary bases can be made which are hooked 
together by ribose sugar molecules into an RNA molecule, thus forming a 
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complementary template to the DNA or some particular part of it. This 
template which is made in the cell nucleus, and which presumably comes 
out of the nucleus in some unknown fashion, is called ‘‘messenger’’ 
(template) RNA. It is the material which reads the coded message off the 
nuclear memory and carries it to the translating and construction appara- 
tus in the cell cytoplasm, enabling it to make the proper material. The 
messenger RNA is a linear sequence of bases corresponding either to the 
whole or part (we believe it is part in the higher cells but it may be the 
whole nucleic acid in the simple viruses) of the genetic nucleic acid. The 
“factory” or “assembly line” is a combination of nucleoproteins which is 
in a small particle, about 200 Ain size, the ribosome. 

It is now quite clear that it is not possible to get the rate of construc- 
tion that is necessary with only one ribosome at a time working on a single 
messenger RNA molecule. The situation now appears to be that the mes- 
senger RNA can have several ribosomes rolling along it simultaneously 
(46, 47). The ribosomes contain various amounts of polypeptides, and if the 
RNA messenger has information for the construction of several proteins, 
presumably there are certain punctuation marks along it which induce 
the detachment of the ribosome with its completed protein molecule for 
release. The protein molecule, having come free, folds up into its second- 
ary and tertiary structure and takes up its function. The ribosome then 
goes back to pick up more messenger. 

Correspondingly, at each one of these punctuation marks an entire 
synthetic apparatus begins. Recently I have seen electron micrographs of 
polysomes, which are collections of seven or eight groups, which start at 
different points along the messenger (8, 40], each one of these points pre- 
sumably being punctuated in some way, as yet unknown. The messenger 
evidently is making many things simultaneously. 

How do the ribosome and messenger collaborate to make a polypep- 
tide of a particular variety? Here, it is necessary to have a translation 
mechanism. Up to this point the DNA has only been transcribed into 
RNA; the translation must now be accomplished. The amino acids in 
Figure 14 (5) may come in from the medium outside the cell, or be syn- 
thesized within it. They are transformed by enzymes (Fig. 14 (6)) into 
activated amino acids (7); the special enzymes which do this seem to form 
an enzyme ester, generally on the carboxyl group of the amino acid which 
is then transferred to specific small molecules of what is called “transfer” 
(or soluble, i.e., -RNA) RNA (8). This molecule has a very specialized 
character; it is small, only about eighty bases long. Each of the s-RNA’s 
has somewhere on it a three-base sequence which corresponds to a specific 
amino acid. While the literature suggests that the transfer RNA which is 
made up of some eighty bases is a hairpin-like structure whose ends form 
a complementary double helix, this has recently been called into ques- 
tion [s]. However, for the moment let us accept this hypothesis. The 


ATOM TO ADAM 181 


s-RNA contains three bases, presumably at the bend in the hairpin, 
which are not paired. These unpaired bases have been called the “codon” 
for a particular amino acid. The special enzyme (6) to activate the amino 
acid which is transferred to the specific s-RNA containing the specific 
codon also has amino acid specificity. Several of the various transfer 
RNA’s have been isolated as pure substances—alanine transfer RNA, 
serine transfer RNA, etc.—and work is rapidly progressing, now toward 
the determination of the complete base sequence in the transfer RNA’s. 
There may be two or three codons for one amino acid, but it is clear that 
there are differences in the “handle” structure of the different transfer 
RNA’s from different organisms [8]. 

This transfer RNA (s-RNA) is really the translating mechanism within 
the cell. The relation between the three bases and the amino acid is con- 
tained in the transfer RNA. The three bases match up with the corre- 
sponding three bases in the messenger RNA and thus put the amino acids 
in the right sequence as directed by the messenger. The amino acids, thus 
suitably activated and placed, then “zip up” and the proper protein 
emerges, by an as yet unknown mechanism. 

There must exist a control apparatus within the cell that determines 
which parts of the DNA should be read at a given time. Every cell of a 
particular organism presumably contains the same kind of DNA (genetic 
material) but every cell does not manufacture the same things—the 
cells that make the brain make different things from the cells which go 
to make up other organs and tissues such as fingers, liver, etc. This 
is the basic problem of control of growth and differentiation. How do the 
different cells know that they have different functions? What tells the 
individual cells what parts of the DNA to read? Here must operate the 
control mechanism which determines how a cell behaves even though its 
genetic constitution is predetermined by the base sequence of its inherited 
DNA. How the genetic constitution of the cell is to be expressed, when 
and in what order, is determined not merely by the inherited DNA but 
by the environment. Here we come to a point at which social evolution, 
the control of evolution by man, can really take hold, certainly on a cellu- 
lar level and probably on an organismic one as well. 


From Chemical to Social Evolution 


We are now just beginning to learn the mechanisms which control 
the way in which a cell can develop. It is the variety in this development 
which can give rise to a brain cell, an eye cell, and perhaps a cancer cell, 
etc., all from the same initial cell. Of more direct and immediate concern 
is what happens if the cells go wild, as they do if the control mechanism is 
faulty, and they become malignant. We are here in the region of theory 
based upon a combination of bacterial and virus genetics, on the one 
hand, and some enzyme chemistry on the other. The control of the read- 
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ing of the DNA is exercised through, or can be influenced by, something 
from outside the cell. For example, a small molecule outside the cell can 
determine whether a certain particular part of the DNA molecule inside 
the cell can be transcribed into messenger RNA or not. This promises to 
give us a handle on the control of development. 

If we can already do some of these things with one type of material and 
organism (bgcterial induction, lysogenic viruses, and transduction) it is 
not an improbable extrapolation to believe that, as chemists, we can 
make a large variety of materials, some of which could, for example, 
produce a new or abnormal type of organism. At birth, the human has a 
certain number of brain cells, about 10, which is normally all it will 
ever have. The brain cells make a great number of connections—excita- 
tory, inhibitory, ete.—which are the basis for behavior of this computer 
which is the human brain. If it be possible to control the growth of var- 
ious developing cells in the embryonic brain (and there should be chemi- 
cals which can accelerate or decelerate the growth of certain specific 
kinds of cells), it is quite clear that we might change their number or at 
least their distribution. If the computer is limited by the number of con- 
nections it can make, and if one could go from 10'° to 10! brain cells 
(this would, of course, require an adjustment of cranial or cell size), there 
is a chance that the capacity of the brain could be increased. This is 
theoretically now within our range. 

We are approaching not only the means of selectively transforming the 
gene but, what is even closer, the means of deciding which genes to read 
and which ones not to read, and how long to read them. What effect 
might this have on social evolution? 

Social evolution, on a physiological level, until now has been deter- 
mined primarily by the same processes of random mutation and selection 
that gave rise to the human race in the first place. We now have coming 
into our hands the tools for the control of genetic information itself, and 
closer still may be the ability to control the genetic expression of infor- 
mation which is in any existing cell. This would not entail any change in 
the information (mutation or recombination) but merely to control how 
it is used. 

On the bacterial level both things have already been done; transduc- 
tion in microbes has been achieved. One can introduce genes into the 
chromosome of a bacterium (almost at will) which can be incorporated 
eventually into the bacterial chromosomes. This is what happens with 
lysogenic viruses; they get into the cell and remain there, and eventually 
some of them do get attached to the chromosome and become part of the 
bacterial chromosome. This is changing the bacterial chromosome by in- 
troducing new information. More easily done is the control of the ex- 
pression of the existing bacterial gene by simple molecules [23, 38) from 
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the environment itself. These can penetrate into or out of the cell almost 
at will and can, in turn, exercise a controlling function on the ability of 
that cell to express its genes. 

Through this mechanism it may be possible for us to control virus 
disease, cancer, and perhaps even change the adaptability af men, thus 
leading to directed social evolution. The moment we start thinking about 
things of this nature, we cannot escape the enormous problems involved. 
Who is going to decide to change men, and how many of them, and in 
what way [6, 71? This is a problem which we, I believe, will ultimately face 
and we should begin thinking about it now. 

One of the most far-reaching developments in social evolution will come 
about from this new knowledge of the manipulation of the basic poly- 
meric materials of which all living substance is composed. We are learn- 
ing the chemical composition of the genes, and their constituents, the 
chromosomes, and their structural arrangement. We are learning how to 
alter genetic material deliberately to produce types with predetermined 
characteristics. This is being done with microorganisms in the laboratory 
right now. But, in the future, as our knowledge grows, we should have a 
corresponding power with plants and animals and man himself. 

Two aspects of this situation should be considered from the human 
point of view. Many of the studies of genetic material are being carried 
out in the interest of controlling virus diseases and cancer. There is little 
doubt that eventually success will be achieved. The same genetic knowl- 
edge will contain the information we need for controlling both the 
“quantity” and the “quality” of the population. We may have the power 
to intensify certain human traits, delete others, and perhaps even develop 
new ones [7]. An important corollary of this is the approaching ability to 
control men’s minds by chemical means, bringing with it the major 
problem of how and by whom this power should be exercised (6, 71. 

The distance from Atom to Adam covers billions of years. By following 
the laws of the behavior of matter, the process has been orderly, even in 
its infinite complexity. But, during these years, the laws of nature have 
functioned in a laboratory in which each atom had its destiny, but within 
which no encompassing comprehension of the whole could sway the 
course of experiment. 

Today, the world is quite as awesome to contemplate as it must have 
been in its beginnings, for today man is here and he has a little knowl- 
edge! With each thread of new truth, the responsibility to weigh the 
consequence of its application becomes more critical. The rate of evolu- 
tion can change tremendously with man’s new knowledge, and the re- 
sponsibility to control the rate and the direction of change must depend 
on wisdom. As it has to this day, time will record our success—or our 
failure. 
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Summary 


An answer to the question of how the molecules which constitute 
today’s living organisms may have arisen on a prebiotic earth is being 
sought within the context of modern experimental science. We begin 
with the prifnitive atmosphere as it is presently conceived by a consensus 
of astronomers and geochemists, namely, a reducing one, and introduce 
various forms*of energy into this system to determine the nature of the 
molecular changes which might occur and which do occur. Experimental 
demonstration shows that the atoms which constitute the primitive 
atmosphere are of such chemical character that they give rise to mole- 
cules of biological interest almost immediately under these conditions. 
Autocatalytic mechanisms, beginning with the crude catalytic properties 
of the mineral surface of the earth, then select among these molecules cer- 
tain classes as favored. 

The basic problem of the generation of macromolecules of two general 
types is discussed. The first, resulting from carbon-carbon linkage, comes 
via vinyl polymerization. The second, resulting from dehydration con- 
densation, has been more difficult to demonstrate experimentally as pos- 
sible in an aqueous medium. However, certain dehydrating agents are 
now being discovered which show signs of functioning specifically in the 
aqueous milieu to give rise to the protein, nucleic acid, and carbohydrate 
types of polymers. 

Then the question of a higher degree of order, leading ultimately to 
visible structure resulting from the construction of macromolecules is dis- 
cussed. It is shown that a sequence of thermodynamically controlled 
processes may be expected to give rise to secondary. tertiary, and even 
quaternary structure in such systems, the last eventually reaching the 
range visible under suitable microscopic conditions. The question of mem- 
brane formation and boundary enclosures is still moot. 

However, the evolution of macromolecules, according to present laws 
of molecular evolution, is now visible to us. These laws can be seen to lead 
to thekind of organization we now recognize as living, and new chemistry is 
daily derived via the attempt to understand and reproduce such systems. 
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TASTE, ITS SENSORY AND MOTIVATING 
PROPERTIES* 


By CARL PFAFFMANN 


USTATION, the sense of taste, is of interest on several accounts. 
First, it is a receptor sensitive to different ions and molecules, so 
that it poses the question, a, of the molecular basis of chemical selectivity 
in the taste cell and, b, how that selectivity gives rise to an afferent neural 
code in the taste nerves to the brain resulting in the sensations of salty, 
sour, bitter, sweet or some other quality. Secondly, taste may control 
ingestive behavior, that is, the acceptance or rejection of foodstuffs and 
other substances. Some, like sugar, are accepted avidly by most crea- 
tures; others, like quinine, are strongly rejected; while still others are 
relatively neutral. How does the sense of taste and its associated neural 
processes come to mediate the positive response of acceptance, on the one 
hand, or the negative response of aversion, on the other? Thirdly, taste 
may initiate specific hungers or intense cravings for particular substances 
that are essential for well-being, thus contributing in some measure to 
the “wisdom of the body.” In what way do the taste buds or the taste 
centers of the brain react so that needed substances become more de- 
tectable or more palatable? Finally, taste stimuli in their own right may 
serve as rewards or, more exactly, as reinforcing agents for new learning. 
Many different responses may be acquired simply because they are rein- 
forced with a drop of “sweetened” water. The specific behavior so rein- 
forced, however, may be quite unrelated to the act of ingestion itself. 
The sense of taste, therefore, provides the experimental scientist with a 
stimulus-response system in which he can hope to uncover some of the 
psychophysiological mechanisms underlying the sensory control of be- 
havior. 

“Taste,” as I shall use the term, will have its exact denotation as com- 
pared with common usage, which equates “‘taste’’ with flavor, the percep- 
tion complex which often includes smell, texture, temperature, and some- 
times pain as well as sensations of true taste. Highly spiced Mexican 
food would be insipid without the contributions from buccal pain. But 
the unique qualities of salty, sour, bitter, and sweet aroused in man by 
sodium chloride, mild hydrochloric acid, quinine, and sucrose, respec- 
tively, derive only from stimulating taste buds. 


* A Sigma Xi-RESA National Lecture, 1962-1963. Our research has been aided 
over the years by projects and grants from the Office of Naval Research, the National 
Science Foundation, and the General Foods Corporation. 
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The Neurophysiology of Taste 


Figure 1 shows a taste bud in histological cross section. The taste bud 
is a cluster of 20 to 25 sensory cells in the form of a goblet or “brandy 
snifter.” The taste cell nuclei are darkly stained, whereas the distal por- 
tions projecting up to the gustatory pore are more lightly stained. 
Stimulating solutions reach the taste cells through this pore. 

Taste buds occur primarily on the tongue and posterior buccal cavity ; 
in children they may be more widely scattered on the insides of the cheeks 





Fia. 1. Histological section of two taste buds from the naso-incisor papillae of the rat. 
(Reproduced by permission of J. Comp. Physiol. Psychol., Pfaffmann, 1952.) 


and pharynx. Some organisms, like the rat, have taste buds on the hard 
palate, in the neighborhood of the naso-incisor papillae, as shown in 
Figure 1. Certain fish have taste buds scattered over the external body 
surface so that they literally swim in a ‘‘sapid sea.” Some insects possess 
chemoreceptors on their feet and taste nectar by walking in it. 

On the tongue of mammals, taste buds are located in the mushroom- 
shaped fungiform papillae of the anterior dorsal surface, in the grooved 
foliate papillae toward the back of the tongue on either side, and in the 
circular trenches of the vallate papillae on the posterior surface. The lo- 
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cation of fungiform papillae on the rat’s tongue can be visualized by in- 
jecting methylene blue vital dye into the lingual circulation to stain 
darkly the vascular plexus beneath each papilla (see Fig. 2). In the living 
animal, these spots appear bright pink. Man can see his own fungiform 
papillae in a mirror as bright pink spots on the tongue. Jn the rat, 
such papillae usually contain just one taste bud each. In Figure 2, the 
foliate papillae on the sides of the tongue are just barely visible but the 
vallate papilla, which in the rat is a single organ, can be seen near the base 
of the tongue. In man, seven to nine circumvallate papillae are arranged in 
a chevron-like row on the back of the tongue. In both the foliate and val- 





Fic. 2. Distribution of papillae on rat tongue. (Reproduced by permission from 
Anat. Rec., Fish et al., 1944.) 


late papillae, many taste buds are found buried in deep trenches, so that 
mechanical stirring and agitation are needed to insure stimulation. The 
total number of taste buds in man is of the order of 10,000. 

Most special senses are supplied with a single cranial nerve from recep- 
tor to the brain. For example, the optic nerve mediates vision, the 
acoustic nerve, hearing. Taste, however, has a multiple nerve supply, 
the chorda tympani nerve for the front of the tongue, the glossopharyn- 
geal nerve for the back, and the vagus nerve for the deeper recesses of the 
throat and pharynx. 

The nerve fibers subserving touch, temperature, and pain coursing 
beneath the epithelial layer of the mucous membrane terminate at var- 
ious levels in the mucosa. Taste nerve fibers enter the base of the taste 
bud and branch among the sensory cells; some terminate within deep in- 
foldings of a single sense cell while others end in the spaces between two 
or more sense cells. Still others appear to extend upward almost to the 
gustatory pore itself. In each case, the receptor cell and its nerve fiber is 
discontinuous; that is, the contact is a surface to surface synaptic-type 
junction. The molecular events by which taste solutions stimulate the 
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taste cells is not yet understood although adsorption of ions or molecules 
at specific receptive sites on the microvilli appears to be an important 
initial step. Upon stimulation, the sense cell is depolarized in proportion 
to the logarithm of the concentration of the taste solution (Beidler, 
1962). This depolarization in turn excites the sensory nerve fibers, giving 
rise to a train of nerve impulses that travel in an unbroken neural path- 
way to the first sensory relay in the brain stem and then on to the higher 
centers beyond. 

Because the taste nerve fibers are of relatively smaller diameter and 
fewer in number than those concerned with touch, temperature, and 
general sensitivity, it is difficult to record taste-initiated activity in the 
mixed nerves from the tongue. But nearly all the taste fibers branch off 
from the lingual nerve deep in the neck just beneath the angle of the jaw. 
After leaving the lingual nerve, this small branch, the chorda tympani 
nerve, dives through a bony canal into the middle ear cavity, where it 
passes across the tympanic membrane, hence its name. It then enters the 
brain through a second bony canal. The chorda tympani also carries 
efferent secretory impulses in the reverse direction to the salivary glands. 

The sense of taste on the front half of the tongue on the same side is 
lost when the chorda tympani nerve is cut or damaged. This not only elim- 
inates the pathway from the receptors to the brain but is followed by 
degeneration of nerve fibers distal to the cut and a disappearance of taste 
buds. Histological examination of the tongue papillae shows no signs of 
the taste bud. Later, if the nerve fibers grow back to the tongue, taste 
buds are reconstituted. Apparently, the taste nerve exerts a trophic in- 
fluence so that epithelial cells are modified and develop into receptor 
cells. Actually, such decline and regrowth after nerve section only exag- 
gerate a process that is continually present during the natural life of 
the taste bud. Classical histologists classified taste cells into two types: 
(a) long, slender sensory cells, measuring in man 60 to 80 microns in 
length and 40 microns in diameter at the thickest part, and (b) thick 
supporting cells. Some (Kolmer, 1927), however, suggested that these 
might be only different functional stages of but a single type of cell. 
Recent studies (Beidler, 1963; de Lorenzo, 1963) indicate that the taste 
buds are continuously being replenished with new sensory cells by con- 
tinuous mitotic division at the edges of the bud. The injection of a drug, 
like colchicine, blocks mitotic division and causes a rapid atrophy of 
taste buds with consequent sign of Joss of function. Radioactive tracer 
compounds, like tritiated thymidine, can be used to label those regions of 
the taste bud in which cell division and the formation of new nuclear 
materials may be going on. These studies indicate that the taste sensory 
cells are being continuously formed at the boundaries of the taste bud and 
that, with time, the labeled cells migrate toward the center of the bud and 
then die out. The turnover cycle of sensory cells occupies a seven-day 
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period. But, in spite of such a continuous turnover, there is a stable 
manifold of taste sensations. Throughout this process, it should be em- 
phasized that the nerve fibers themselves do not die out. They are the 
constant factor; only the receptor cells wax and wane. 

Electrical stimulation of the chorda tympani nerve itself məy give rise 
to taste sensations which are referred to the front of the tongue of the 
same side. Solutions of salt, sugar, or quinine on the tonguę produce an 
increase in taste nerve impulse traffic. This has been registered in man 
when the chorda tympani nerve was exposed during middle ear surgery 
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Fia. 3. Oscillographic and summator write-out method. (Reproduced by permission 
from Amer. J. Clin. Nutr., Pfaffmann, 1957). 


(Diamant, Funakoshi, Ström, and Zotterman, 1963). Actually, this pro- 
cedure is an adaptation of that first used in animal preparations, where 
it has been used extensively for more analytical studies (e.g., Beidler, 
1953; Pfaffmann, 1941; Zotterman, 1935). 

The impulse discharges in man and animal are very similar, although 
there are marked species differences both with regard to the relative 
effectiveness of different stimuli and the magnitude of the electrical 
activity so produced. The electrical signal from the total nerve represents 
the discharges in a large number of nerve fibers, all of which fire at the 
same time but in asynchronous and random manner relative to each 
other. Interpretation of the oscillogram of such a record is aided with a 
summating or averaging device which provides a quantitative record of 
the rise and fall in activity, shown in Figure 3. The stronger the con- 
centration of the taste solution, the greater the recorder’s de- 
flection. Accordingly, it is possible to draw a graph showing neural re- 
sponse magnitude as a function of stimulus concentration. Figure 4 
illustrates one such graph for the white rat, an animal we have used in 
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many studies. The response to the quinine stimulus becomes apparent 
at the lowest concentration and rises gradually with an increase to a 
value of —1 on the logarithmic scale of concentration. The responses to 
HC] and NaCl both begin at a higher value although HCl is more effec- 
tive than.ein equimolar concentrations of NaCl. The threshold for the 
sucrose is the highest of the four. In every case, the curve of magnitude of 
neural discharge tends to be a sigmoid function of concentration. The 
greater magnitude of response to the two electrolytes in this figure pre- 
sumably indicates that the taste buds and nerve fibers activated by qui- 
nine and sugar are relatively fewer than those subserving acid and salt. 
In other species, such as the hamster, the magnitude of response to the 
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Fia. 4. A graph of taste sensitivity in the rat chorda tympani to four basic taste 


stimuli. (Reproduced with permission from Koch, Psychology: A study of a science, 
McGraw-Hill, Pfaffmann, 1962.) 


sugar stimulus may be as large as that to the salt. In the cat, the response 
to the quinine is usually quite large. Thus, there appears to be a species 
difference in the distribution of different sensitivities over the tongue. 
Since the potential produced by any one nerve fiber is determined by its 
diameter, some of the differences in magnitude for quinine and sugar re- 
flect differences of their respective nerve fiber diameters. 

The activity of single nerve fibers can be studied by dissecting these 
nerves under a binocular microscope with the aid of sharpened needles. 
Since the nerve impulse in any one fiber obeys the ‘‘all-or-none”’ law, the 
nerve impulse from a single nerve is always of uniform potential and, at 
the recording electrode, is reflected by spikes of uniform height on the 
oscillogram. In addition, there is no “‘doubling up”’ of impulses one upon 
the other, so that the single unit record has a characteristic uniform spike 
height, duration, and waveform. Such a record is illustrated in Figure 5. 
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As the strength of the stimulus increases, there is an increase in discharge 
frequency. Furthermore, the receptors on the tongue constitute a popu- 
lation of receptors of varying theshold. Thus, more receptor units will be 
excited by stronger stimuli. Intensity, then, is signaled both by an in- 
crease in the numbers of fibers active as well as by the frequercy of dis- 
charge per fiber once it has been activated. 


The Afferent Code for Taste Quality 


Of particular interest is the chemical selectivity of single receptor- 
neural units. According to the classical view, there were said to be four 
basic taste receptors, each giving rise to the sensations of salty, sour, 
bitter, or sweet when activated by its appropriate stimulus. The salty 
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Fic. 5. The response of a single test nerve fiber in the rat chorda tympani to a 
series of different NaCl concentrations. 


taste was said to result from activating a specific “salty’’ receptor- 
neural unit by salt, sour from a specific “‘sour’’ receptor by acid, 
etc. Our earliest experiments were begun, in fact, as a search for these 
specific receptors using the direct electrophysiological method in 
animal preparations. But this study of single gustatory afferent fibers 
(Pfaffmann, 1941) failed to support the classical theory, for although 
single units in the cat’s chorda tympani were selectively sensitive to 
different chemicals, the observed types of sensitivity cut across the basic 
categories. In the cat, one set of receptor-units responded to acid, a 
second group to both acid and salt, and a third to both acid and quinine. 
More recent studies have revealed other clusters of mixed and multiple 
sensitivity in other species (Cohen, Hagiwara, and Zotterman, 1955; 
Pfaffmann, 1955). In addition, many species possess receptor neural 
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units (Zotterman, 1956) which are stimulated by water and inhibited 
by sodium chloride and other salts. 

Combinations of sensitivity such as these might result from (a) 
multiple termination of individual gustatory afferents upon two or more 
highly spacific sense cells, (b) a truly multiple sensitivity of the individual 
primary sense cells themselves, or (c) a combination of these two. Kimura 
and Beidler,(1956, 1961), recording the depolarization receptor potentials 
of individual taste cells with intracellular micropipette electrodes, showed 
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Fıc. 6. The nerve impulse profiles across five different single nerve taste fibers to 
three different salts based on data by Erickson, 1963. (Reproduced with permission 
of Gerard, Processing of information in the nervous system, Excerpta Medica Found- 

ation, Pfaffmann, 1964.) 


that the individual cells possessed combinations of sensitivity like those 
seen in the afferent fibers. Hence, the patterns of sensitivity in the chorda 
tympani sensory nerve fibers do not result merely from multiple termi- 
nations upon several afferent cells. Individual receptor cells apparently 
contain many individual sites with a variety of different molecular 
specificities. These may occur in different combinations upon the single 
receptor cell. Chemical selectivity must be sought at the molecular level 
of the individual receptor cells. 

- The first step in stimulation appears to be adsorption. Differences in 
the configuration of the receptor surface probably account for the selec- 
tive adsorption of one or another type of chemical at any one site. Just 
as an ion exchange column or polyelectrolyte surface may be tailored for 
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the adsorption of different ions, so it is conceivable that the different 
receptor surfaces are specialized for adsorption and ultimate stimulation 
by ions or molecules of different size, charge, or molecular configuration 
(Beidler, 1962). 

The different combinations of molecular specificity on any single re- 
ceptor cell scramble the gustatory afferent input to some extent and this 
must be decoded by the central nervous system. One possible coding 
mechanism is exemplified by Figure 6, based on data obtained by Dr. 
Erickson (1963) at Duke University. The figure shows the frequency of 
discharge recorded in a sample of five single afferent rat nerve fibers 
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Fia. 7. Scatterplots showing the correlation in discharge frequencies in the same 
single chorda tympani fiber to three salts based on data from Ereckson, 1963. 
(Reproduced with permission from Gerard, Processing of information in the nervous 
system, Excerpta Medica Foundation, Pfaffmann, 1964.) 


obtained by microdissection. The response to three different electrolytes, 
NaCl, KCl, and NH,Cl, is indicated by the heights of the vertical bars in 
units A through E. By joining the tops of these bars, we may construct 
a frequency profile of response. The profile for NH4Cl resembles that for 
KCl, for both stimulate the individual receptor-neural units A through E 
to the same degree. The profile for NaCl, however, is different; high KCI 
frequencies may or may not be associated with a high NaCl discharge. 
To say it another way, the frequencies of discharge for NH4Cl and KC! in 
different afferent fibers are positively correlated. The response frequen- 
cies for NaCl and KCl, on the contrary, are uncorrelated. 

These five fibers are only a smaller sample of the population analyzed 
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by Erickson. The degree of similarity in discharge profiles can be de- 
scribed by the product-moment correlation coefficient between the 
frequencies of firing of the same units for different stimuli (see Fig. 7). 
In the rat, the frequency profiles for NH,Cl and KCl yield a Pearson 
r of + 0.88, whereas between KCl and NaCl r = —0.09, indicating that 
the sensitivity for NHsCl and KC] rises and falls together; that for NaCl 
bears little relation to either NH,4Cl or KCl. If we make an assumption 
that the discrimination between stimuli is related to such frequency pro- 
files, then highly correlated stimuli should taste alike; uncorrelated 
stimuli should taste differently. 





Fia. 8. The “sweet tooth” displayed by a baboon at the Sukhumi primate station. 


This purely neural model can be subjected to tests by means of con- 
ditioned response tests. It is well known that once an animal has been 
conditioned to one stimulus, it will display a tendency to generalize, that 
is, to give the response to other stimuli that resemble the original con- 
ditioning stimulus. Using a shock avoidance procedure, Erickson (1963) 
showed that rats conditioned to avoid KCl in a drinking test also tended 
to avoid NH,Cl but not NaCl. Conversely, the depression in drinking 
after being shocked on NaCl generalized somewhat to the other two salts 
but no more to one than to another. The generalization test indicates 
that, for the rat, the tastes of KCl and NH,Cl are similar and that both 
of them differ from the taste of NaCl. Generalization in the behavioral 
test supports the predictions from the frequency profiles in the chorda 
tympani nerve fibers. 

The discharge profiles of the rat’s chorda tympani do not conform to 
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any obvious typology; rather, some sensory units are sensitive to a wide 
range of stimuli and others to a more narrow band. In addition, the 
“band width of sensitivity” is influenced by the stimulus concentration 
level so that what appears to be a “sugar unit” at one level may be a 
‘‘salt-plus-sugar unit” at a higher concentration. Activity in, any taste 
fiber, taken alone, cannot indicate unequivocally which of several differ- 
ent chemicals had been applied to the tongue. Concomitant activity in 
several parallel fibers, therefore, seems necessary to give the full meaning 
to the discharge from any one unit (Pfaffmann, 1959). 
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Fia. 9. A battery of five preference test cages. Sugar is contained in the right cylinder, 
water in the left of each cage (as seen by the observer). 


It is important to remember that many different models of the sensory 
code for sensory quality might be developed solely on the basis of physio- 
logical data. In the studies just reviewed, there is a unique validation 
of the model by the outcome of behavior tests generalization or simil- 
arity. Similar experimental strategies should be used more widely in attempts 
to relate neurophysiology to behavior. 


Motivating Properties of the Sweet Taste 


We shall now turn to behavioral studies which warrent the conclusion 
that taste stimuli are reinforcing or motivating in their own right. 
Figure 8 is a photograph I took a couple of years ago on a visit to the 
Primate Biomedical Research Station at Sukhumi in the Soviet Union. 
Here, a large colony of baboons lived in an open hillside range enclosure. 
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In the picture, the dominant male of the colony is shown begging for a 
sweet “tidbit” from the hand of the curator, who always kept a generous 
supply of lump sugar in his laboratory coat pocket. This is but another 
example of the “sweet tooth” so widespread throughout the vertebrate 
and invertebrate species. In a few cases, this appears to be nearly absent. 
Cats, when not hungry, seem unable to discriminate sugar solutions from 
water, in agreement with their relatively small response to sugar in the 
chorda tympani nerve discharge. Chickens, likewise, seem unreactive to 
sugar solutions (Kare and Ficken, 1963). But these are more the excep- 
tion than the rule. 
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Fia. 10. Graph of the preference for sugar solutions of ascending concentration 
in normal and taste desensitized (operated) rats (Reproduced by permission from 
J. Comp. Physiol. Psychol., Oakley & Pfaffmann, 1962). 


The response to sugars can be studied systematically by the two-bottle 
preference technique originally developed by Curt Richter (1942) a 
number of years ago. Figure 9 shows five individual rat cages, each with 
a pair of graduated drinking cylinders, at the end of a 24-hour period of 
ad lib diet and free choice between water and sugar solution. The sugar 
solution, in the right-hand cylinder, is preferred over the water, on the 
left. That this response to sugar is dictated by taste can be established by 
desensitizing taste and then measuring preference again. Although this 
can be done by cutting the nerves in the tongue, another method can be 
employed (Ables and Benjamin, 1960; Oakley and Pfaffmann, 1962). 
Electrodes were inserted bilaterally by means of a stereotaxic device into 
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the sensory thalamic area for taste and the tissue coagulated by passing 
a mild electric current. The electrodes were withdrawn and the animal 
allowed to recover. Figure 10 shows a graph of the two-bottle preference 
response to a series of sugar solutions in a desensitized and a normal 
group. The solid circles and solid line show the normal animal’s very 
large intake of sugar in the middle range of concentration compared 
with the much reduced sugar preference of the animal with a thalamic 
lesion. Although the nutritive value of the sugar solution was the same in 
both cases, the interference with taste sensitivity produced a very re- 
markable change in behavior. The experimental animals shown here did 
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Fig. 11. The rate of bar pressing for saccharin and sugar solutions of different 
concentrations in normal and taste desensitized rats (Oakley, personal communica- 
tion, 1963). 


not completely lose the preference for the sugar; perhaps taste desensiti- 
zation was not complete. The essential observation, however, is clear: 
taste desensitization markedly reduces the sugar preference. Similar re- 
sults are observed in the quinine aversion, which is reduced after tha- 
lamic lesions (Benjamin and Akert, 1959; Oakley and Pfaffmann, 1962; 
Patton, Ruch, and Walker, 1944). 

These studies show only that ingestive behavior is influenced by taste. 
But taste can motivate the acquisition of other responses. If a rat is 
placed in a Skinner box, a small enclosure under uniform environmental 
conditions, the animal readily learns to obtain a small reward by pressing 
a bar which projects into the cage. Either a pellet of food, if hungry, or a 
drop of water, if thirsty, is effective. But the rat will similarly learn to press 
the bar for a drop of sugar solution or saccharin when not hungry or thirsty. 
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Many another response might be used; the rat might be taught to go to 
the right or to the left in a T-maze for the taste of sugar or to turn a 
paddle wheel. The fact that such responses can be rewarded by taste 
stimuli permits us to say that taste stimulation is reinforcing. 

Figure 11 is a graph showing the relation between the rate of bar- 
pressing and the concentration of two solutions, one of saccharin, the 
other of sucrose. The normal animal’s rate increases with concentration 
for saccharin up to a peak value of —2 log units, but then the response 
rate falls with a higher concentration. This decline in response rate for the 
stronger saccharin solution suggests that, for the rat as for man, strong 
saccharin solutions may have an aversive (bitter?) taste. The curve re- 
lating rate of bar pressing to concentration of the sugar stimulus is even 
clearer. Such curves for sugar were first obtained by Guttman (1953) and 
have since been confirmed by many workers. The rate of response may be 
considered a measure of response vigor which is clearly influenced by the 
strength of the gustatory stimulus. But of particular interest is the fact 
that the animal does not get any more sugar from the higher rate. Bar 
pressing here is reinforced on a variable interval schedule, that is, the 
“pay-off” or reinforcement is determined by an elapsed time of variable 
duration, on the average, every 20 sec. The time interval between suc- 
cessive reinforcements is randomized so that the animal does not learn to 
respond at a particular time interval. Increased response rate does not in- 
crease the number of reinforcements delivered with this schedule. Thus, 
it is possible to say that the sensory stimulus is a motivating stimulus, not 
only because it provides the reinforcement for learning the bar-press response, 
but because the vigor in terms of rate of response itself is determined by the 
strength of the sensory stimulus. 

The lower curve, with the open circles, shows the response of the 
desensitized animal. There is a barely detectable increase in the rate for 
the saccharin; the increase in rate to the sugar solution is somewhat 
clearer. In both cases, the rate of response is much below that of the 
normal animal. Nevertheless, the caloric value of the sugar for the control 
and operated animal is the same, only the taste efficacy has been reduced 
for the latter. Such evidence allows us to conclude that the taste stimulus 
reinforces behavior by virtue of ils direct sensory effect. 


The Specific Hunger for NaCl 


Other behavior dependent on taste stimulation is that of the ‘specific 
hungers.” Naturalistic observations are replete with examples of the 
craving for salt shown by animals in the wild. Herbivorous animals are 
known to travel great distances in search of a salt lick. Certain mineral 
deficiencies in forage which grows in depleted soil may lead to other aber- 
rations of taste preference. The hunger for sodium chloride after depri- 
vation is probably one of the best known and most widely studied. The 
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condition may result from imbalance in the hormones which regulate the 
salt level of the body or forced sweating and loss of sodium chloride in 
very humid and hot climates coupled with an inadequate intake of salt. 

Wilkins and Richter (1940), at the Johns Hopkins Hospital, gave a 
dramatic account of hormonal imbalance and salt craving in the case of a 
boy who suffered from precocious sexual development, excessive hirsut- 
ism, and other signs of hypergonadism. He succumbed at the end of a 
week after admission to the hospital for observation. Postmortem exami- 
nation revealed the presence of a tumor of the adrenal gland. Follow-up 
studies revealed that the boy had developed an unusual salt craving 
prior to hospitalization to such a degree that he was observed to empty 
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Fia. 12. Drinkometer records of the preferential NaCl drinking after acute induction 
of NaCl deficiency (see text for details) (Fisher, personal communication, 1963). 


the entire contents of a saltcellar into his mouth at one gulp. It was hy- 
pothesized that the adrenal tumor had so disturbed the corticoid steroids 
controlling the sodium chloride balance that a severe state of salt depri- 
vation had ensued. On the restricted hospital diet, he was unable to 
satisfy the craving and succumbed to the lack of sodium chloride. 
Richter (1939; Richter and Eckert, 1938) duplicated the salt deficiency 
syndrome in rats by surgically removing the adrenal glands. Such an 
animal will succumb in a few days unless the diet is fortified with extra 
sodium chloride. Moreover, if two bottles are placed on the front of the 
animal’s living cage, one containing water and the other NaC! solution, 
the adrenalectomized rat will immediately prefer the sodium chloride 
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solution, taking it in quantity sufficient to maintain good health for 
many months. Such animals, when desensitized by surgically removing 
the taste nerves, cannot make the necessary discrimination and fail to 
survive. 

The hunger is specific for sodium chloride. Thus, the adrenalectomized 
rat shows the enhanced preference for NaCl or other sodium salts but not 
Ca, Mg, or other nonsodium salts. When offered a choice between NaCl 
and KCl, the salt-deprived animal almost immediately displays the dif- 
ferential NaCl preference. Figure 12 illustrates a procedure developed by 
Dr. G. L. Fisher in our laboratory. The record shows a drinkometer re- 
cording of the number of licks at each of two drinking tubes, one contain- 
ing NaCl, the other KCl, when presented alternately in the testing com- 
partment. Each lick at either drinking tube moves a cumulative recorder 
upward across the recording paper. At the end of a minute, one tube is 
automatically withdrawn and the other inserted as the recorder pen re- 
sets to baseline. The marker at the base of the record indicates the solu- 
tion being presented. The control record to the left shows the relative 
absence of response under the normal conditions. On the right is shown 
the greatly increased drinking at the same time of day but shortly after 
acute NaCl depletion was induced by intraperitoneal dialysis with 5% 
glucose. Coupled with the greater intake of NaCl solution throughout the 
test period is a progressive decline in KCl intake. Here is graphic evidence 
of the Nat craving. 

Another example of the specificity of the sodium chloride preference 
was shown in a recent ingenious experiment by Dr. Marvin Nachman 
(1962, 1963) while a visiting investigator at Brown. Rats select either 
lithium or sodium chlorides with equal avidity in brief (10 minute) drink- 
ing tests. Lithium chloride, however, is toxic so that the animals ingesting 
it soon became ill, showing obvious signs of disability and malaise. 
Several days later, after recovery from the toxic episode, they were 
retested with both lithium and sodium chloride. Now, the poisoned ani- 
mals avoided not only lithium chloride but also the sodium chloride. 
The avoidance of potassium chloride, however, was less marked. Thus, 
the aversion to the salty taste of lithium chloride generalized most to the 
salty taste of sodium chloride and less to the taste of potassium and 
other non-sodium salts also tested. 

These findings are also directly related to the work of Dr. Erickson 
described above on similarity of neural coding between sodium chloride 
and other salts. The neural discharge profiles for NaCl and LiCl are 
known to be highly correlated, so that, for the rat, these substances would 
appear to have a similar taste. 

In an earlier study (Fregly, 1958), salt-needy rats showed only the 
preference for sodium chloride but avoidance of lithium chloride in a 24- 
hour two-bottle ad lib self-selection test. In this case, post-ingestive after- 
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effects during the more prolonged. 24-hour test might have aided the 
discrimination between lithium and sodium during the 24-hour period. 
If the animal is allowed only a brief taste, as in the Nachman procedure, 
he confuses lithium and sodium chlorides. 

We know that the sense of taste plays an important role in the selec- 
tion of the specific substance in states of need, but there is considerable 
question as to whether physiological changes occur in the sensory input, 
at motor output pathways, or at some more central locus. 

Adrenalectomized animals show a preference for weak salt solutions to 
which they are normally indifferent. This has been interpreted as a sign 
that the animal’s sense of taste has become more acute so that he can 
detect the salt solutions in the weaker concentrations. The preference for 
the salt shown by the adrenalectomized rat indicates only that there is a 
lowered preference threshold but not necessarily a change in the physio- 
logical sensitivity of the end organ. Electropbysiological studies of the 
chorda tympani nerves in the rat indicate that the receptor threshold 
concentrations for normal and adrenalectomized rats are the same (Pfaff- 
mann and Bare, 1950). More recent studies of the same kind over a wide 
range of suprathreshold concentrations for NaCl and with a variety of 
other electrolytes gave essentially the same conclusion (Nachman and 
Pfaffmann, 1963). The receptor itself of the sa!lt-needy animal is physio- 
logically unchanged. These conclusions have been confirmed for the rat 
by means of the conditioned reflex method (Carr, 1952; Harriman and 
MacLeod, 1953). 

But, a recent study has reported change in taste thresholds for salt- 
depleted human subjects (Yensen, 1959). In two subjects, forced sweat- 
ing and low salt diet significantly lowered the threshold for the recogni- 
tion of salt but not for other taste stimuli during the period of salt de- 
privation. Henkin and Solomon (1962) also have reported enhanced 
sensitivity for the detection of salt in untreated patients with adrenal 
gland disorder with characteristically low blood serum sodium. In this 
case, the fall in threshold (increased sensitivity) was not specific to the 
salty taste; other taste substances tested yielded lower thresholds. 

Mere elevation of the NaCl serum level by electrolyte-sparing corti- 
coids did not raise the thresholds. The thresholds returned to normal 
only when patients were treated with gluco-corticoids. One normal sub- 
ject was also tested in whom blood serum Na levels were substantially 
lowered with no accompanying change in taste threshold. De Wardener 
and Herxheimer (1957) also found no direct correlation between serum 
sodium level and threshold when electrolyte metabolism was disturbed by 
forced draughts of distilled water. They found a drop in threshold for 
NaCl for only part of the test period. In recent tests in our laboratory, 
MeCutcheon (1963) failed to find a drop in threshold with fall in serum 
sodium level. Thus, the question of human taste threshold changes dur- 
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ing serum level changes requires further study to reconcile these diverse 
reports. 

In recent experiments, McBurney and Pfaffmann (1963) showed that 
the sense of taste for salt is remarkably influenced by the ambient sodium 
chloride concentration bathing the tongue. That is, the salivary sodium 
may, in fact, be an agent which adapts the taste receptors in the normal 
observer such that the threshold of the taste buds can be lowered by at 
least a hundredfold by a continuous distilled water rinse between thresh- 
old determinations. Thus, changes in salivary sodium level might affect 
the threshold for sodium chloride. 

It is also possible that changed thresholds for salt solutions could re- 
flect excitability change in the nervous pathways through which the gus- 
tatory information is processed. It is well known that the normal sensory 
systems can be influenced by inhibitory influence by way of the reticular 
formation and other sensory efferent systems (Galambos, 1956; Her- 
nAndez-Peén, 1955), although such an effect has not been identified 
physiologically for taste. 

Thus, although the sense of taste does play a significant role in the 
specific cravings and hungers, there is still need for further investigation 
as to the precise physiological mechanism involved. It is also important 
to note that a simple sensory threshold change by itself will not ade- 
quately account for the changed preference seen at all levels of salt con- 
centration. Salt-deprived animals show an enhanced craving for the 
strong as well as the weak salts. Normally, strong salts are avoided and 
taken only in small amount. The deprived animal increases the intake 
of the normally aversive as well as normally acceptable stimuli. Thus, 
there is a change in the motivational value of both strong and weak sen- 
sory stimuli which cannot be explained by a purely sensory change. 


Summary 


I have described at some length the electrophysiological method which 
permits the study of the afferent code in sensory nerves consequent upon 
taste stimulation. This sensory code is somewhat more complex than was 
originally proposed in the classical theory of “four primary tastes.” 
Actually, the sensory input for taste might be described as a “neural 
profile.” Although some sensory neural units may be specific to one class 
of chemicals, others respond to several primary tastes or even a wide 
range or “spectrum”’ of tastes. The neural discharge in any one sensory 
channel would have a different meaning depending upon the concurrent 
activity in other parallel sensory channels at the same time. The sensory 
code appears to be reflected in the ratios of frequencies simultaneously 
present in a number of taste fibers. 

I then gave an account of two aspects of the behavioral responses to 
taste stimulation. One, the so-called “sweet tooth,” illustrates the fact 
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that certain innately positive stimuli not only instigate ingestion of food 
but also could serve as rewards or reinforcement for learning. Almost 
any instrumental response could be learned on this basis. In addition, 
the vigor of the response as reflected in the rate of response appears to be 
determined by the strength of the taste stimulus reinforcing that re- 
sponse. 

Finally, the remarkable specificity of the “specific hunger” for NaCl 
was described. Although this phenomenon has been intensively studied, 
there still remain many questions as to the precise physiological mecha- 
nism by which such specific hungers are guided and regulated. Physiologi- 
cal studies suggest that any changes in the sensory reaction to stimulus 
lies not in the receptor itself but perhaps more centrally in the brain. 

The general conclusion can be drawn that the sense of taste has two 
major features. One provides information concerning the quality and 
quantity of diverse chemical stimuli on the tongue. Secondly, this infor- 
mation provides motivation for the control of behavior. Such motivation, 
whether positive or negative, appears to result directly from sensory 
stimulation itself without the necessity of prior conditioning or learning. 


REFERENCES 


ABLES, M. F., and Benjamin, R. M. Thalamic relay nucleus for taste in albino rat. 
J. Neurophysiol., 1960, 23, 376-382. 

BEIDLER, L. M. Properties of chemoreceptors of tongue of rat. J. Neurophysiol., 
1953, 16, 595-607. 

BEILER, L. M. Taste receptor stimulation. In J. A. V. Butler, H. E. Huxley, and 
R. E. Zirkle (Eds.), Progress in biophysics and biophysical chemistry. Oxford: 
Pergamon Press, 1962. Vol. 12, Pp. 107-151. 

BEIDLER, L. M. Dynamics of taste cells. In Y. Zotterman (Ed.), Olfaction and taste. 
Oxford: Pergamon Press, 1963. Pp. 133-145. . 

BENJAMIN, R. M., and Axgert, K. Cortical and thalamic areas involved in taste 
discrimination. J. comp. Neurol., 1959, 111, 231-260. 

Carr, W. J. The effect of adrenalectomy upon the NaCl taste threshold in rat. 
J. comp. physiol. Psychol., 1952, 45, 377-380. 

Comen, M. J., HAGIWARA, S., and ZorrerMAN, Y. The response spectrum of taste 
ie n the cat: A single fiber analysis. Acta physiol. scand., 1955, 33 (Suppl.), 

DE LORENZO, A. J. D. Studies on the ultrastructure and histopathology of cell mem- 
branes, nerve fibers and synaptic junctions in chemoreceptors. In Y. Zotterman 
(Ed.), Olfaction and taste. Oxford: Pergamon Press, 1963. Pp. 5-18. 

DE WARDENER, H. E., and HERXHEIMER, A. The effect of a high water intake on 
A a taste thresholds and salivary secretion in man. J. Physiol., 1957, 

DraMant, H., Funaxkosul, M., STRÖM, L., and ZOTTERMAN, Y. Electrophysiological 
studies on human taste nerves. In Y. Zotterman (Ed.), Olfaction and taste. Ox- 
ford: Pergamon Press, 1963. Pp. 193-203. 

Erickson, R. P. Sensory neural patterns and gustation. In Y. Zotterman (Ed.), 
Olfaction and taste. Oxford: Pergamon Press, 1963. Pp. 205-213. | 

Fisu, H. S., Matonz, P. D., and Ricutger, C. P. The anatomy of the tongue of the 
domestic Norway rat: I. The skin of the tongue; the various papillae; their 
number and distribution. Anat. Rec., 1944, 89, 429-440. 

Fisuer, G. L. Personal communication, 1963, 

Freauy, M. J. Specificity of the sodium chloride appetite of adrenalectomized rats: 
tebe of lithium chloride for sodium chloride. Amer. J. Physiol., 1958, 195, 

4 ; 

GALAMBOs, R. Suppression. of auditory nerve activity by stimulation of efferent 

fibers to cochlea. J. Neurophysiol., 1956, 19, 424-437. 


206 AMERICAN SCIENTIST 


GUTTMAN, N. Operant conditioning, extinction and periodic reinforcement in relation 
to concentration of sucrose used as reinforcing agent. J. exp. Psychol., 1953, 46, 
213-224. 

Harriman, A. E., and MacLeop, R. B. Discriminative threshold of salt for normal 
and adrenalectomized rats. Amer. J. Psychol., 1953, 66, 465-471. 

Henkin, R. 1., and Sotomon, D. H. Salt-taste threshold in adrenal insufficiency in 
man. J. clin. Endocrinol. & Metabolism, 1962, 22, 856-858. 

HERNÁNDEZ-PEÓN, R. Central mechanisms controlling conduction along central 
sensory pathways. Acta neurol. latino amer., 1955, 1, 256-264. 

Kare, M. R., and Ficken, M. S. Comparative studies on the sense of taste. In Y. 
Zotterman, Ed.), Olfaction and taste. Oxford: Pergamon Press, 1963. Pp. 285-297. 

Kimura, K., and BEIDLER, L. M. Microelectrode study of taste bud of the rat. 
Amer. J. Physiol., 1956, 187, 610-611 (abstract). 

Kimura, K., and BEIDLER, L. M. Microelectrode study of taste receptors of rat and 
hamster. J. cell comp. Physiol., 1961, 58, 131-140. 

Koutmer, W. Geschmacksorgan. In W. von MoOllendorf (Ed.), Handbuch der mikro- 
skopischen Anatomie des Menschen. Berlin: Springer, 1927. Vol. 3, Pp. 154-191 

McBurney, D. H., and PrarrmMann, C. Gustatory adaptation to saliva and sodium 
chloride. J. exp. Psychol., 1963, 65, 523-529. 

McCurcuHeon, N. B. The effect of sodium deficiency on the recognition threshold 
for sodium chloride. Unpublished Master’s thesis, Brown University, Providence, 
Rhode Island, 1963. 

NacuMaNn, M. ‘Taste preferences for sodium salts by adrenalectomized rats. J. 
comp. physiol. Psychol., 1962, 66, 1124-1129. 

NacHMAN, M. Learned aversion to the taste of lithium chloride and generalization 
to other salts. J. comp. physiol. Psychol., 1963, 56, 343-349. 

NACHMAN, M., and PrarrMaNnn, C. Gustatory nerve discharge in normal and sodium- 
deficient rats. J. comp. physiol. Psychol., 1963, 56, 1007—1011. 

OAKLEY, B. Personal communication, 1963. 

OAKLEY, B., and PrarrMann, C. Electrophysiologically monitored lesions in the 
gustatory thalamic relay of the albino rat. J. comp. physiol. Psychol., 1962, 55, 
155-160. 

Parron, H. D., Ruc, T. C., and WALKER, A. E. Experimental hypogeusia from 
Horsley-Clarke lesions of the thalamus in Maccaca mulatta. J. Neurophysiol., 
1944, 7, 171-184. 

PFAFFMANN, C. Gustatory afferent impulses. J. cell. comp. Physiol., 1941, 17, 243- 
258. 

PFAFFMANN, C. Taste preference and aversion following lingual denervation. J. 
comp. physiol. Psychol., 1952, 45, 393-400. 

PFAFFMANN, C. Gustatory nerve impulses in rat, cat and rabbit. J. Neurophysiol., 
1955, 18, 429-440. 

PFAFFMANN, C. Taste mechanisms in preference behavior. Amer. J. clin. Nutr., 
1957, 5, 142-147. 

PFAFFMANN, C. The afferent code for sensory quality. Amer. Psychologist, 1959, 
14, 226-232. 

PFAFFMANN, C. Sensory processes and their relation to behavior. In S. Koch (Ed.), 
Psychology: A study of a science. Vol. 4: Biologically oriented fields: Their place 
in psychology and in biological sciences. New York: McGraw-Hill, 1962. Pp. 
380-416. 


PFAFFMANN, C. Discussion: On the code for gustatory sensory quality. In R. W. 
Gerard (Ed.), Processing of information in the nervous system. Amsterdam: Ex- 
cerpta Medica Foundation, 1964. Pp. 273-279 (in press). 

PFAFFMANN, C., and Bars, J. K. Gustatory nerve discharges in normal and adre- 
nalectomized rats. J. comp. physiol. Psychol., 1950, 43, 320-324. 

Ricuter, C. P. Salt taste thresholds of normal and adrenalectomised rats. Hndo- 
crinology, 1939, 24, 367-371. 

Ricuter, C. P. Total self-regulatory functions in animals and human beings. Har- 
vey Lectures, 1942, 38, 63-103. 

Ricuter, C. P., and Eckert, J. F. Mineral metabolism of adrenalectomised rats 
studied by the appetite method. Endocrinology, 1938, 22, 214-224. 

Wixins, L., and RIcHTER, C. P. A great craving for salt by a child with cortico- 
adrenal insufficiency. J. Amer. Med. Assoc., 1940, 114, 866-868. 

YENSEN, R. Some factors affecting taste sensitivity in man: II. Depletion of body 
salt. Quart. J. exp. Psychol., 1959, 11, 230-238. 

ZOTTERMAN, Y. Action potentials in the glossopharyngeal nerve and in the chorda 
tympani. Skand. Arch. Physiol., 1935, 72, 73-77. 

ZOTTERMAN, Y. Species differences in the water taste. Acla physiol. scand., 1956, 
37, 60-70. 


AMERICAN SCIENTIST, 52, 1964 


ELECTRIC PROPULSION 
By ROBERT G. JAHN 


ROCKET in free flight accelerates itself by the discharge of propellant 

mass in a direction opposite to the desired acceleration. Its equa- 

tion of motion thus follows directly from a conservation of momentum 
of the complete system—rocket and exhaust stream: 


m w = Ve om (1) 
where m is the total mass of the rocket at any given time, including its 
casing, engine, payload, and unused propellant; dv/dt is its acceleration; 
v, is the velocity with which the exhaust jet leaves the rocket, relative 
to it; and dm/dt is the rate at which propellant mass is used in this 
fashion. The product v,(dm/dt) is usually called the thrust of the rocket. 
If one assumes a constant exhaust speed, v, the velocity increment, 
Av, which the rocket can achieve by discharging some portion of its 
propellant mass, Am, follows from simple integration: 


Av = v, in. ( = ) (2) 


mo — Am 





where mo is the total mass of the rocket at the start of the acceleration. 
By expending all of its propellant mass in this way, the rocket can achieve 
a maximum velocity increment 


~ - Mo 
Av = vlne i (3) 
where my is the initial rocket mass, less all the propellant, i.e., the pay- 
load, engine, and casing. Conversely, the fraction of original rocket mass 
which can be accelerated through a given velocity increment, Av, i.e., 
the deliverable mass fraction, is a negative exponential in the ratio of 
Av to the exhaust velocity: 

my 


= —(Av /ve) 
r= i (4) 


It can be shown that the more complicated rocket missions of practical 
interest, involving flight through various planetary, lunar, and solar 
gravitational fields, with variable magnitude and direction thrust pro- 
grams, can satisfactorily be represented by characteristic velocity incre- 
ments, Av, each satisfying relation (4) for the particular mission involved. 
In general, long-range missions, or missions in strong gravitational fields 
require large Av, and vice versa. For example, a round trip from a suitable 
parking orbit around the earth to a similar orbit about Mars or Venus 
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would be characterized by a Av of about 25,000 m/sec. A similar excur- 
sion to Jupiter requires Av of about 75,000 m/sec. 

For such long-range missions, then, a premium must be placed on the 
generation of comparably high propellant exhaust velocities, v, if 
significant fractions of the original rocket mass are to be delivered to the 
destinations. Unfortunately, the exhaust velocities attainable by nozzled 
expansion of the high-temperature products of a combustion reaction, 
as in the conventional chemical rockets, are fundamentally limited by 
the available reaction energies to about 4000 m/sec, with possible exten- 
sion to 6000 m/sec with certain highly exotic fuel-oxidizer combinations. 
Heating a propellant gas within a solid core nuclear reactor circumvents 
the chemical limitations, and holds promises of exhaust velocities ap- 
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Frc. 1. The resistojet (schematic). 


proaching 8000 m/sec before heat transfer problems threaten structural 
integrity of the engine. These two rather basic limitations—available 
chemical energies, and heat transfer tolerances—predicate study of 
alternative means of accelerating gases to exhaust velocities commensu- 
rate with the characteristic velocity requirements of the longer missions. 

Electric propulsion comprises three rather distinct endeavors in this 
direction: 


(1) Electrothermal Propulsion: heating of a propellant gas by elec- 
trical means for subsequent expansion through a nozzle. 

(2) Electrostatic Propulsion: direct acceleration of ionized gas par- 
ticles by electrostatic forces. 

(3) Electromagnetic Propulsion: direct acceleration of an ionized gas 
by the simultaneous application of electric and magnetic body 
forces. 


(1) The concept of electrothermal propulsion clearly does not eliminate 
the' heat transfer process; rather, it attempts to exploit it. Two distinct 
efforts are underway in this field, a rather modest study of the ‘‘resisto- 
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jet,” and a much larger and more vigorous set of programs on arcjet 
thrustors. The resistojet simply invokes an electrically heated solid 
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Fig. 2. The arcjet (schematic). 
element, such as a coil of resistance wire immersed in the gas flow, or 


better, a refractory duct through which the flow passes, to heat the pro- 
pellant gas prior to its expansion through the nozzle (Fig. 1). Since there 





Fig. 3. Thirty kilowatt arcjet engine in laboratory operation. (Courtesy AVCO 
Research and Advanced Development Division) 


is a freedom of choice of propellant gas, and good control over the heating 
program along the duct, it is possible to raise the gas temperatures 
nearly to the softening point of the best refractory solid materials, say 
3000° K, with a resulting exhaust velocity approaching 10,000 m/sec, 
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while yet restricting engine erosion to tolerable levels for the long mis- 
sions contemplated. The simplicity of this device is attractive, but it is 
doubtful that its exhaust velocity will ever substantially exceed the 
9000 m/sec level it has already demonstrated [1). 

The grcjet engine heats the propellant gas by a flow-stabilized, high- 
current electric arc. Steady currents of hundreds, or even thousands of 
amperes are passed through the gas between a tungsten button cathode 
and an annular anode, generating a tightly constricted arc column reach- 
ing temperatures of tens of thousands of degrees Kelvin on its axis. 
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Fic. 4. Cesium ion engine (schematic). 


Incoming gas flow swirls around and through this arc, is heated by it, 
and expands through a nozzle to velocities of 20,000 m/see or higher 
(Fig. 2). The device owes its practicability to the steep radial temperature 
profile prevailing in the are chamber and persisting far into the nozzle, 
which permits the central flow to reach very high temperatures, while 
the flow near the walls remains cool enough that erosion is kept to a 
tolerable level. Some 30 kw space engines of this type, generating 1.5 
newtons thrust (about 4% pound) have been operated successfully for 
hundreds of hours in the laboratory, (Fig. 3) and may already have been 
space tested by the time of publication of this article [2). 

(2) In electrostatic propulsion, one completely takes leave of conven- 
tional rocket components, including heating chambers, nozzles, and 
even continuum gas flows, and attempts to accelerate individual charged 
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particles in electrostatic fields established by electrode structures like 
those employed in thermionic vacuum tubes and cathode ray oscillo- 
scopes. In one popular class of ion engine, an alkali vapor of low ioniza- 
tion potential, such as cesium, is forced through a hot porous tungsten 
block, wherein most of the vapor atoms lose one electron and emerge as 
positively charged ions (Fig. 4). These are accelerated through a large 
voltage drop, Vo, by a grid electrode, thus acquiring velocities deter- 
mined by their charge to mass ratio, q/m+: 3 


ve = [2 Vog/m4 ]'/3 


Subsequent to this acceleration, it is necessary to reintroduce into the 
ion stream the electrons previously left behind on the tungsten source, 





Fig. 5. Flight-test model of cesium contact ion engine in laboratory operation. 
(Courtesy of Electro-Optical Systems, Inc.) 


lest the exhaust beam stall itself by its own net space charge field. This 
charge neutralization is commonly accomplished by a thermionic elec- 
tron-emitting element immersed in the exit ion beam. To inhibit the 
neutralizing electrons from accelerating back toward the electrode gap, 
a second grid at some intermediate potential, — V, is frequently inserted 
between the accelerating grid and the neutralizing electrode. The ion 
beam is thereby decelerated somewhat, and emerges with a velocity 


now determined by V V. 


212 AMERICAN SCIENTIST 


Many geometries of such cesium ion engines exist (Fig. 5), as well as 
others employing mercury ions prepared by electron bombardment 
(Fig. 6), heavy colloid ions, and even charged oil droplets. In all of these, 
the limitation is not so much on attainable exhaust velocity, which is 
restricted only by the voltage which can be maintained on the electrodes, 
but rather on the total thrust levels which can be generated on this 
particle flow basis. It is a relatively straightforward task to build an ion 
engine with exhaust velocities greater than 100,000 m/sec; its thrust, 


Roo 13 iBar i 





Fia. 6. Cutaway view of electron-bombardmeft ion engine. (Courtesy of - NASA 
Lewis Research Center) , 


however, at the current state of the art, would probably not exceed 0.1 
newton. At present, workers in this field would gladly trade a large 
fraction of the exhaust velocity capability for more thrust, and the ion 
engine designs reflect this attitude. For the very distant space missions, 
of course, high exhaust velocities will be indispensable, and for these 
the ion engine seems to be a leading possibility [3]. 

(3) Electromagnetic propulsion comprises a variety of schemes for 
the acceleration of gas flows by the application of magnetic body forces. 
In principle, these promise exhaust velocities in the range from. 20,000 
to 100,000 m/sec with thrust levels substantially higher than pure elec- 
trostatic devices. In practice, the complexity of the phenomena involved 
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have so far largely restrained this effort to basic research, although a 
few empirical thrustors have been constructed. 

The electromagnetic accelerators should logically be subdivided into 
steady flow, and pulsed classes. In the former, a steady stream of previ- 
ously ionized gas is caused to flow between two electrodes, which drive 
a current through it. An externally applied magnetic field, perpendicular 
both to the flow and to the transverse current, then exerts a streamwise 
force on the current-carrying electrons within the gas, which in turn 
transmit it to the bulk of the gas (Fig. 7). Such devices have already 
demonstrated thrusts of tens of newtons (4), but involve massive appen- 
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Fia. 7. Crossed-field accelerator (schematic). 


dages of auxiliary equipment, such as the field magnets, gas ionizers, 
and electrode cooling gear. Their practicality for space propulsion may 
hinge on the development of techniques for increasing the ionization 
level of the propellant gas above that normally prevailing at the max- 
imum tolerable temperatures, and on the development of very low 
specific mass magnets, such as the cryogenic super-conducting devices 
now under laboratory study, in a form suitable for space flight. 

The pre-ionizing equipment and the heavy field magnets can be 
eliminated if the electrodes are able to apply a very high voltage to the 
gas, and then are able to sustain a very high current through it. Several 
kilovolts suffice to break down an unionized gas at useful density levels, 
and discharge currents in the hundred thousand ampere range generate 
their own magnetic fields in sufficient strength to accomplish the desired 
acceleration. However, such power levels in space could reasonably be 
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sustained only in pulses, derived from some electrical storage unit, such 
as a capacitor bank. Thrustors operating in this manner comprise the 
pulsed plasma propulsion engines of which many geometries have been 
explored. At least one of them, the “pinch” engine, is currently ready for 
space testing [5] (Figs. 8, 9). While eliminating the need for the magnet 
and pre-ionizer, these engines assume the new burden of the capacitor 
banks, and suffer an inherent performance penalty by thrusting only in 
discrete pulses. The present effort in this field is toward increasing the 
repetition rate of the high current discharges, and toward improving the 
efficiency of the discharges in sweeping relatively large masses of neutral 
gas ahead of them. 
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Fic. 8. The pinch engine (schematic). 


A hybrid type of electromagnetic thrustor of some interest has evolved 
from the traveling wave accelerators of elementary particle physics. 
In this device, a suitably programmed wave guide or transmission line 
generates a traveling electromagnetic wave pattern which propagates 
with an appropriate velocity profile along the interior of a duct. Ionized 
gas introduced at the duct entrance tends to agglomerate in a succession 
of blobs at one phase of the propagating wave pattern and is thus con- 
vected in “‘surf-board” fashion down the duct by the traveling wave. 
The exhaust velocity attainable in principle is quite high, but the effi- 
cient coupling of the wave pattern to plasma blobs of usefully high den- 
sity has so far proved troublesome (6; (Fig. 10). 

As the electric propulsion field has developed, the empirical subdivision 
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` into electrothermal, electrostatic and electromagnetic devices has tended 
to soften, with the realization that in many cases two or even all three 
of the mechanisms contribute to the operation of a single thrustor. Some 
devices, for example, invoke magnetic forces for containment of the 
plasmas, and electric forces for the actual acceleration. Likgwise, a few 
electrothermal accelerators benefit from a magnetic confinement of the 
hot gas flows—away from their material walls. Ina very recent and im- 
portant development, it has been shown that certain arcjets, when oper- 





Fre. 9. One kilowatt pinch engine system for space test—including batteries, 
converters, propellant handling system, capacitor bank, and thrustor. (Courtesy 
of Republic Aviation Corp.) 


ated at low chamber density and high current levels become predomi- 
nantly electromagnetic, rather than electrothermal devices, and display 
correspondingly higher exhaust velocities. 

At this time, it is unreasonable to establish any order of preference 
among the various electric thrustors described above. Each operates over 
a particular range of exhaust velocity, and each has characteristic advan- 
tages and weaknesses, most of which have not yet been adequately ex- 
plored. In view of the variety of long range space missions which will be 
desired in coming years, it would seem wise to continue a balanced re- 
search program covering all of these areas, for the purpose of ascertaining 
and developing the best engines for specific tasks, 
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The need for optimization of the thrustors in terms of specific missions 
is particularly critical from the standpoint of the electric power supplies 
needed to drive them. The power consumed by a given thrustor varies as 
the square of its exhaust velocity, for fixed mass flow. The mass of a 
space nuclear power supply, intrinsically large because of the bulky 
reactor and generator elements involved and because of the large radiator 
surfaces needed to dispose of waste heat in space, clearly increases with 





Fie. 10. Traveling wave accelerator in laboratory operation. (Courtesy of NASA 
Lewis Research Center) 


its power capacity. It follows, then, that there is an optimum exhaust 
velocity for any mission; operation at too low a value reduces deliverable 
payload mass ratio, as we have seen, because excessive propellant mass 
is required; but operation at too high an exhaust velocity requires an 
excessively massive power supply and thereby also reduces the payload 
ratio. 

On this basis there is adequate incentive for the development of an 
assortment of electric thrustors, consisting, say, of electrothermal 
devices for the 10,000—-25,000 m/sec range, electromagnetic engines for 
the 20,000-100,000 m/sec regime, and ion engines for 50,000—200,000 
m/sec and beyond. Such a spectrum of electric thrustors, coupled to the 
appropriate power supplies, would then constitute a serviceable arsenal 
for the attack on interplanetary travel. 


EO Nm 
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THE COMPUTER VERSUS KEPLER* 
BY OWEN GINGERICH 


E OFTEN hear, in discussions of modern high-speed computers, how 
Wan electronic machine can calculate more in a day than a man can 
calculate in a lifetime by older methods. It occurred to me that a con- 
crete demonstration of some properly chosen specific case would not only 
be intrinsically interesting, but might shed some light on the historical 
situation in question, and might also provide a dramatic example of the 
application of computers in the history of science. 

An especially appropriate example is found in the work of Kepler on 
the orbit of Mars, since he gives some indication of the computational 
time involved. In Astronomia Nova, Kepler describes in detail his attempt 
to fit a circular orbit to a series of observations of Mars at opposition. 
Since he wished to investigate a somewhat more general orbit than had 
been adopted classically, he was led to a thorny trigonometric problem 
that can be solved only iteratively. 

Concerning this involved procedure, Kepler implores his reader: 
“If you are wearied by this tedious method, take pity on me, who carried 
out at least seventy trials of it, with the loss of much time, and don’t be 
surprised that this already is the fifth year since I have attacked Mars, 
although the year 1603 was almost entirely spent on optical investiga- 
tions.” ! p1). 

The implication that this problem required four years must be taken 
with a grain of salt, but we do get a rough idea of the time involved. 

It is this tedious, time-consuming procedure that I have programmed 
for the IBM-7094 at the Harvard Computing Center. Before describing 
my quite unexpected results, let me outline Kepler’s problem in some- 
what greater detail. 

When Kepler started his investigation on the motion of Mars, in 1601, 
he was already a convinced Copernican, and therefore he assumed a 
heliostatic orbit. Nevertheless, at the beginning, he accepted the 
classical idea of using circles to represent the motion, and not until two 
years later did he work out the elliptical form of the orbit. The ‘‘vicarious 
orbit” that caused Kepler so much anguish and loss of time was a circle, 
and in the end was completely abandoned. 

Kepler had in hand a dozen observations of Mars at opposition— 


* Presented to the History of Science Society, Philadelphia, December 29, 1963. 


1 To this, the French astronomer Delambre replied: “Kepler was sustained by his 
desire to have a case against Tycho, Copernicus, Ptolemy, and all the astronomers in 
the world; he has tasted this satisfaction, and I don’t believe he deserves our pity for 
making all these calculations (2). 
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ten from Tycho Brahe and, later, two of his own [3|. When Mars is at 
opposition, the sun, earth, and Mars lie in a straight line, so the helio- 
centric longitude of Mars is immediately known. Figure 1, reproduced 
from Delambre’s Histoire de l’Astronomie Moderne, shows us the basic 
diagram for this problem. In the diagram, the sun is at A, and four 
observations of Mars, carefully chosen for a reasonably uniform distri- 
bution, are laid out from it. Note that the earth does not enter into this 
discussion. Now the correct elliptical orbit of Mars does not differ very 





Fira. 1 


much from a circle, except that the sun is at one focus and reasonably 
far displaced from the center. In this circular approximation, the sun 
lies off the center of the circle, which is at B. 

We know that Mars moves most quickly when nearest the sun and 
slowest when at aphelion (that is, when farthest from the sun), a fact 
later expressed in the law of areas. Kepler believed this must be so from 
physical reasons, and therefore, he was already convinced that the 
seat of uniform angular motion in the orbit, must le on the line 
through A and B, that is, on the line of apsides. In the analogous case, 
Ptolemy had placed this seat of uniform angular motion, or equant, 
equally spaced opposite A from the center of the circle. We now know 
that such a configuration produces the best possible approximation to 
an ellipse, and when we have the equant at the empty focus of the ellipse, 
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the resulting errors in fitting the observed longitudes reach a maximum 
of 8’ of arc. This is the figure later found by Kepler, which, for him, 
proved to be such a large discrepancy from Tycho’s observations that he 
felt obliged to abandon the circular orbits. 

Kepler, however, wished to keep the spacing of A and C along the line 
of apsides as an unknown quantity to be determined. Also, he knew the 
direction of the aphelion fairly well, but he wished to improve its position. 
Kepler was therefore obliged to use four observations to determine all 
these quantities. Nowadays, we would try to use all twelve observations, 
combining them into a least-squares solution. This technique was, of 
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Fig, 2. The comparison of the Robert Small commentary with a portion of the 
FORTRAN program shows how closely the notations agree. 


course, unavailable to Kepler. Note that the angles from A are all de- 
termined by observation.. The angles from C are known relative to one 
another, because the motion about this point is uniform in time and the 
times of observations are known. The zero point of this system is to be 
determined, and also the direction of the aphelion AH. 

Kepler starts by assuming these two quantities and solves trig- 
onometrically the various angles of this inscribed quadrilateral. The 
result tells him whether or not the points lie on a circle. In the first in- 
stance they do not, so the direction AH is altered and the solution made 
again. A comparison of the results of these trials suggests a better po- 
sition for AH, and the calculation is again repeated. This process I shall 
call the inner iteration. When it has finally converged, Kepler solves this 
triangle EGB to find if the center.of circle B lies on the line CA between 


THE COMPUTER VERSUS KEPLER 221 


the sun and the equant. Again in this first instance it does not. This time, 
the zero point of the mean angles at C is altered, and the inner iteration is 
repeated. Eventually, the outer iteration also succeeds, and the points 
A, B, and C are found to lie on a straight line. I am sure Kepler is count- 
ing the inner iterations when he tells us that seventy trials were re- 
quired. 

The programming followed Kepler’s procedure almost exactly. I was 
greatly helped by a book by Robert Small {4}, which was recently re- 
printed through the efforts of William Stahlman. Figure 2 shows how 
closely the FORTRAN programming followed his notation. The princi- 
pal difference in my approach is that when Kepler got close to the solu- 
tion, he jumped to the answer using small corrections made by propor- 
tional parts, whereas I found it easier simply to repeat the entire calcu- 
lation. Also, the program used accuracy criteria somewhat more rigid 
than Kepler’s. 
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Fig. 3. FORTRAN diagnostic. A decimal has been mispunched in pinos of a comma 
in the format statement. 


After I had set up and “debugged” this program, I found that the 
machine could polish off the entire problem in a little less than eight 
seconds! This is not too surprising when we realize that only about 
twenty five trigonometric functions are required in each trial. Unlike 
Kepler, the computer does not need to look up and laboriously inter- 
polate each of these. Instead, it computes them from scratch as needed, 
at the rate of 3000 per pondi 

At least some readers will want to know how long it took me to set up 
the program. When Kepler first arrived at Tycho’s establishment, he 
made a bet that he would have the Mars orbit all cleaned up within 
eight days. When I agreed to report on this project, I too hoped to finish 
the calculations very quickly. But I procrastinated, and finally only 
eight days remained before the Christmas meeting. Thus, circumstances 
forced me to carry out these computations within that time span. 
In all, I had nine tries on the computer for this work. In the first two, the 
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seconds quoted above. Figure 4 illustrates an example of the output. 
2 “Itaque causae Physicae cap XLV in fumos abeunt.’’ [4a] 
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The results I have just quoted sound more like a publicity release for 
electronic computers than a serious paper in the history of science. 
However, one quite remarkable fact turned up in this investigation. 
Instead of requiring seventy trials as Kepler did, the computer program, 
using identical methods, took only nine trials! In fact, we might have 
anticipated this result without doing any calculations at all, from the 
following considerations. Suppose the aphelion and the zero point of the 
mean longitudes are originally known to 1° (actually they were much 
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better known than this). Suppose we wish to get these to 30” of are, 
that is, an improvement by a factor of 120. Since 2’ is 128, 7 inner itera- 
tions should be required in each of 7 outer iterations, if the error is 
halved each time. This total number of iterations, about 50, should 
probably be halved because the inner and outer iterations are not in- 
dependent, and as the outer iteration converges, the inner set will re- 
quire fewer than 7 tries each time. Furthermore, since the problem 
turns out to be fairly linear, we can use proportional parts to speed the 
convergence, and hence we might again halve the number of iterations, 
making about 12. On the other hand, we make an initial try, then a try 
with an arbitary displacement, and finally a try with proportional parts 
based on the first results. Thus, three tries in each inner iteration, and 
three outer iterations, give a minimum of nine trials by this method, 
precisely the number used by the computer. 

Why, then, did Kepler require seventy trials? Since Kepler already 
started with an arbitrary correction to Tycho’s zero point on the mean 
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longitudes, we suspect that he may have used many trials to reach the 
starting point shown in Astronomia Nova. Therefore, the calculations 
were repeated, starting directly from Tycho’s figures. Now, thirteen 
iterations are required, still a very small number. 

I can, only conclude that Kepler was horribly plagued by numerical 
errors, that his trials accidentally diverged nearly as often as they 
converged. No wonder he was so frustrated in his attempt to solve this 
problem, which was apparently just at the limit of his computational 
ability! Do we have any evidence for this conclusion? Yes. At the very 





Fia. 6. Kepler’s original manuscripts, including the 900 pages of Mars calcula- 
tions, are still preserved in Leningrad. “Deo et Publico” is the motto of Catherine 
the Great, who purchased the volumes for the Russian Academy of Science in 1773. 
Photograph courtesy Phillips Library, Harvard College Observatory. [10] 


beginning of his calculation, Kepler makes numerical errors in three of 
his eight starting angles—errors of the same order of magnitude as the 
corrections he was seeking. These errors were noted both by Small and 
by Delambre. I therefore programmed the computer to solve the 
problem both with and without this initial error. The final solution ap- 
pears comparatively insensitive to these errors, but it is curious to note 
that Kepler gets about the same answer with the errors that the machine 
computes without! | 

After Kepler completed his solution with four of the twelve opposi- 
tions, he carefully calculated the predicted positions for all twelve ob- 
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servations i5;. The results, shown in Figure 5, exhibit several interesting 
features. | | 

First of all, since the solution was carried out exactly for the opposi- 
tions of 1587, 1591, 1593, and 1595, the same observed positions ought to 
be predicted by the theory. But here, Kepler has taken a very-curious 
step: he corrects each of the positions for the advance of nodes of 
Mars—a curious step because the correction is made after the main 
calculation instead of before [6]! Thus, only the pivotal 1587 opposition 
must predict exactly the observed position; yet, as the graph indicates, 
Kepler has made a small computational error of 15”. Given a uniform 
motion of the nodes, the 1591, 1593, and 1595 observations should show 
increasing errors, yet again this is not the case. Compared to the machine 
calculations, Kepler’s results for 1591 and 1593 show computational er- 
rors as large as 1’. One final comment: note from the graph how Kepler’s 
errors generally increase the deviations between observation and pre- 
diction, except for the most discordant cases! 

The best possible solution with this type of model, as stated pre- 
viously, leaves errors up to 8’ of arc. We see here that Kepler was 
incredibly lucky in his particular choice of observations—or perhaps we 
should say unlucky, because, with larger errors, he would probably 
have recognized the inadequacy of this construction earlier. As a test, 
I chose other well-distributed sets of four oppositions as the basis of the 
solution, and I indeed found larger errors, up to 8’ of are. 

I hope this study has shed some light on the difficulties encountered 
by Kepler, and perhaps on his computational ability. My thesis, that 
his calculations were incredibly loaded with numerical errors, has 
already been observed in another section of Astronomia Nova by O. 
Neugebauer [7]. Perhaps it will someday be further confirmed by a full 
analysis of the 900 pages of original manuscript computations, still 
extant in Leningrad [s}. I do not wish, however, to detract in any way 
from the magnitude of Kepler’s scientific achievement. Perhaps the most 
appropriate conclusion would be a further quotation from Astronomia 
Nova: 

‘There will be some clever geometers such as Vieta who will think it is 
something great to demonstrate the inelegance of this method. (As a 
matter of fact, Vieta has already made this charge against Ptolemy, 
Copernicus, and Regiomontanus.) Well, let them go solve this scheme 
themselves by geometry, and they will for me be a great Apollo. For me 
it suffices to draw four or five conclusions from one argument (in which 
there are included four observations and two hypotheses), and to have 
shown by the light of geometry an inelegant thread for finding the way 
out of the labyrinth. If this method is difficult to grasp, how much more 
difficult it is to investigate things without any method” [9] 
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RIDDLES OF THE TERRIBLE LIZARDS* 


By GLENN L. JEPSEN 

ANY unsolved mysteries of dinosaurs continue to haunt the minds of 
paleontologists. Libraries of fact, speculation, philosophy, and 
scientific conclusion have been devoted to dinosaurs but some of the most 
exciting and penetrating studies and deductions on their anatomy, 
ecology, physiology, and genealogy are yet to be made. Dinosaurs are all 
dead, of course, and have left no direct living descendants that can be 
critically examined. Hence, much of the more interesting information 
about them is derived through analogy and not by direct observation. 
No vertebrates that were alive two centuries ago are living today but 
most of their genetic lines of evolution are still here for study and 
experiment. Three hundred and fifty thousand times this mere two- 
hundred-year moment have elapsed since any of our ancestors saw a 
living (or a recently-dead) dinosaur, and we retain not a trace of “racial 
memory” or even of clan gossip to signify the fact that dinosaurs and 
pre-people knew each other, as they almost surely did. Nor do we have 
any other extra-sensory means of avoiding the labor and cost of the 
scientific sleuthing that is necessary in the study of long-gone reptiles. 

Information about them increases knowledge about our dead selves. 

Dinosaurs never intended to become extinct, of course, and didn’t 
even know when their racial knells were sounding although the tolling 
continued for several millions of years of racial decline and death. 
Even with our modern intelligence, if we had lived with dinosaurs in the 
Age of Reptiles we probably would not have known that they were 
doomed until they were very near the end of existence. 

All literate children now learn at an early age, but are reluctant 
to believe, that the friendly dinosaur followed a well-trod trail to ob- 
livion. Junior naturalists have heard and read numerous other tales, 
many of which are alluring but untrue, about the monsters with long 
jagged names, that seem to have replaced for young imaginations the 
exquisitely frightful ogres and dragons in the fairy stories of earlier genera- 
tions. Being extinct, dinosaurs are rather benevolent and easily tamed 
and yet excitingly awesome. 

In a recent survey sponsored by the National Science Foundation, 
paleontology was discovered to be the subject that grade schoolers most 
want to read about. The survey also found that school libraries are 
badly out of step with student interests. Paleontology was number three 
when ranked by interest of both high school and grade school readers 


* Revised, by permission, from Princeton Alumni Weekly, 64, 6, 1963. 
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DYNAMIC DINOSAUR. Resurrected fossil skeletons frequently evoke revealing 
human reactions. Variously, people in a brief opinion-survey saw in this Jurassic 
reptile (1) a vigorous and determined defense of territory or of self; (2) the surging 
muscular tensions that precede the anticipated attack of another predator, (3) the 
satisfaction of a flexing yawn, (4) an over-the-shoulder snarl at an irritation, (5) a 
hearty guffaw, (6) the loud vocal instruction “Stop, now, —that tickles”’ and (7) a 
pleading shout of “Allons!” to followers. 
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but only number eighteen in rank in permanent book collections. 
(Botany was number four in book holdings but only number nineteen in 
reader interest.) 

Even so, despite this great upsurge of youthful demand (by people of 
all ages) for knowledge about dinosaurs, far greater now than at any 
time since one was first described nearly a century and a half ago, many 
of the most interesting details about them form tantalizing problems for 
future research with new methods of microscopic and geochemical 
analysis and with more exploration for additional specimens. 

A long list of significant projects for further research could be compiled 
to indicate how little is known about some aspects of the dinosaur’s 
stay on earth. Here are a few. 

We don’t know whether most dinosaurs were ovoviviparous as rattle- 
snakes are (young hatched from membranes within the body and born 
alive), or hatched like alligators from external eggs. Some dinosaurs did 
lay eggs; shells have been dug up by the baker’s dozen in Mongolia 
and France, and fragments are known from East Africa, China, Por- 
tugal, Brazil, Alberta, Montana, and Wyoming. 


Pounds or Tons per Year? 


What was the life expectancy of a dinosaur? How many years did a 
big one live? Did it reach full size in fifty years or require a thousand 
years or two for the accumulation of fifty tons of body? If dinosaurs 
grew at normal reptilian rates and ate only the faunal or floral foods 
that are known to have been available to them they must have lived a 
very long time. Nutritional requirements for an almost full grown 
Diplodocus, at average reptilian metabolic rates, suggest either that 
vegetables or animals of extremely high protein content were abundantly 
available or that the creature had to convert food to flesh for many 
centuries. (This, of course, is a heretical statement because everyone 
knows that Diplodocus and Triceratops ate plants. Or did they?) 

A recent article in Science by an authority on dinosaurs describes 
evidence which leads him to think that the big sauropods were omniv- 
orous. And Dr. T. E. White, a scientist at Dinosaur National Monu- 
ment, has come to the conclusion that even the largest forms were at 
least as active as modern elephants which have to spend most of their 
time eating in order to generate requisite levels of energy. 

Modern observations on dinosaur bone yield hope that the problem of 
growth rates can be solved, despite several technical difficulties of in- 
vestigation. Layers, similar in appearance to annual rings in plants, have 
been found in dinosaur bones from Utah and Wyoming, and probably 
occur in most of the extinct saurians. Just as some tree trunks and limbs 
grow diametrically by the addition of woody material in the cambium 
zone, so do limb bones and other parts of the skeleton increase in size 
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by deposition of bone from the periosteum which surrounds them. 

Change in the rate or kind of deposit may cause seasonal layering. 
In a few pieces of dinosaur bone the laminae appear in remarkable 
clarity as a series of pairs of alternating dark- and light-colored layers. 
Perhaps each pair represents an annual rhythm of food changes or of 
metabolic fluctuations associated with reproduction. Dinosaur bones 





Fig. 1. Fossilized bone with about 120 pairs of layers (osteochrons), late Cretaceous 
(75,000,000 years old), part of ‘frill’ of head of ceratopsian dinosaur from “Lance” 
formation, Polecat Dome, N.W. Wyoming. Each pair of layers (one light and one 
dark) measures about 44 mm., or 150 pairs equals one inch. Holes are nutrient chan- 
nels that contained arteries, veins, lymph vessels, nerves. (Photo enlarged ca. 4X.) 


and other old fossils still contain amino acids and other vital juices 
which, if we can devise sufficiently delicate systems of microanalysis, 
may help define the conditions of formation of the layers. Within a few 
years a small new scientific field, possibly called osteochronology, may 
become significant in indicating events in the daily or yearly lives of 
dinosaurs. Small concentric scales of dead bone may reveal for a moment 
the pulse beat of geologic time. Is this study bringing into focus and 
winding a tiny delicate petrified clock within the massive old bones? 
While confessing ignorance about the length of time nature required 
to build a dinosaur, it is pertinent to ask why certain of its structures 
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were formed at all. We have, for example, no remotely satisfactory 
explanation for the function of the ten-inch thick bone in the cranium of 
Pachycephalosaurus, and we should examine again our assumption that 
the winding channels in the fan-frilled heads of duck-billed dinosaurs 
were air traps that prevented water from entering the lungs. : 


Why Become Extinct? 


By far the most baffling major question about dinosaurs is—What 
caused their extinction? Dozens of theories make an extensive literature 
of speculation on this intriguing subject. They range in tenor from 
scientifically thoughtful and analytic notions to those with mystic and 
facetious intent. 

Authors with varying competence have suggested that dinosaurs dis- 
appeared because the climate deteriorated (became suddenly or slowly 
too hot or cold or dry or wet), or that the diet did (with too much food 
or not enough of such substances as fern oil; from poisons in water or 
plants or ingested minerals; by bankruptcy of calcium or other necessary 
elements). Other writers have put the blame on disease, parasites, wars, 
anatomical or metabolic disorders (slipped vertebral dises, malfunction 
or imbalance of hormone and endocrine systems, dwindling brain and 
consequent stupidity, heat sterilization, effects of being warm-blooded 
in the Mesozoic world), racial old age, evolutionary drift into senescent 
overspecialization, changes in the pressure or composition of the atmo- 
sphere, poison gases, volcanic dust, excessive oxygen from plants, 
meteorites, comets, gene pool drainage by little mammalian egg-eaters, 
overkill capacity by predators, fluctuation of gravitational constants, 
development of psychotic suicidal factors, entropy, cosmic radiation, 
shift of Earth’s rotational poles, floods, continental drift, extraction of 
the moon from the Pacific Basin, drainage of swamp and lake environ- 
ments, sunspots, God’s will, mountain building, raids by little green 
hunters in flying saucers, lack of even standing room in Noah’s Ark, 
and paleoweltschmerz. 

Another way to speculate out of the dilemma of explaining cause is to 
infer that dinosaurs aren’t yet actually extinct—that some may be still 
around, possibly evolved into new forms, living ’way off in caves in some 
remote and unexplored part of the world, presumably in a climate much 
warmer than that required by the Abominable Snowman, or by the un- 
verified monsters that are said to lurk in the Lochs of Scotland. As 
remoteness dwindles, however, so does the number of people who hold 
this view. 

In an attempt last year to spotlight the final exit of the terrible lizards, 
Rickey Eckler wrote his Princeton Senior Thesis on “Extinction of the 
Dinosaurs,” hoping to see further into the subject by analyzing the factors 
of Mesozoic life and death. To test the distribution and variety of current 
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theories on the demise of dinosaurs, he wrote to many specialists in paleon- 
tology to ask “‘What caused the extinction of dinosaurs?” Only one strong 
consensus emerged from nearly three dozen thoughtful replies—No one 
knows.” In response to this challenge he may extend the investigation 
into a doctoral dissertation and perhaps a lifetime of geo-bio-chemical 
research. Ashes to ashes, and dust to dust, but how? 





Fig. 2. Diagram of part of right face-bone or maxilla (front toward left) of Antro- 
demus as seen from inside of mouth, with the inner bone removed to expose the roots 
of old teeth and germs of replacement teeth. The strong parallel 3-inch-long saw- 
edged knives formed, with the lower teeth, a dagger-scissors system to chop gulp- 
sized pieces of tough dinosaur meat. Bone around each socket was precision-funnelled 
for exact positioning of an unlimited series of teeth. Two alternating sets of teeth, 
indicated by odd and even numbers, erupted in sequence, old pushed out by new, be- 
ginning at the rear (right) and progressing toward the front, thus never leaving a gap 
of more than one tooth-space. Perhaps such paleodental surgery will reveal the rates 
of tooth replacement and the number of birthdays allotted to Antrodemus—as more 
research data come straight from the dinosaur’s mouth. 


During the past twelve months several hundred thousand school 
children (with adults in tow) have visited the dinosaurs in many a 
museum and have frequently demanded ‘‘Where’d they all go?” No one 
knows. No single theory can support all the factors and facts of extinc- 
tion; different causes eliminated different individuals and groups at 
different times. New research methods, however, are pressing fresh 
information from the bony pulps of the past. 


ww 
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Little M onsters 


So much superstition and myth about dinosaurs has become part of 
our accepted natural history folklore that only a small part of this long- 
accumulated mass of misinformation can be mentioned. Not every 
dinosaur was huge. Many dwarfy kinds were smaller than ponies or even 
sheep, and, of course, in a clan group or pack of any kind of dinosaur— 
even the giant species—there were many more small young dinosaurs 
or sauridions than big old bulls. 

We know nothing of age-group or social structures among dinosaurs 
such as the ratios of hatchlings to teenagers to the mature. Dinosaur 
demography is an almost unexplored field, and sauridion mortality 
rates are not likely to be known soon because the records are fragmentary 
and scattered. One vague age-ratio record has puzzled dinosaur hunters 
through many years of careful exploration. In the rich fossil fields of 
Utah, Wyoming, and Tendaguru where adult dinosaurs are abundant the 
rocks contain only a few bones of sauridions. A common way to explain 
this observation or to escape from it is to state that the youngsters 
were kept in upland brood areas safe from the harsher forces of nature 
(as well as from burial and future research in museums) while the grown- 
ups foraged on plants or on each other along the shores of lowland rivers 
and lakes. Senior citizens were thus readily buried after death, with 
consequent riparian rights to become fossils imbedded in stone. 

This vision, for which the lullaby might be rephrased to'“‘Rocks avoid 
baby on the hill top,” is truly ahypothesis based uponnegative evidence— 
the absence of remains of young dinosaurs. Some day it may be verified 
by positive evidence when bone diggers’ picks open dinosaur nurseries 
strewn with the small dainty bones of sauridions. Come soon the day! 

Lest the thought of these tender stony ghosts wring too much mam- 
malian sympathy from us, it is well to remember that the family life of 
reptiles is thin and sharp. After mother dinosaur laid eggs she might not 
even remember where she did so, when a hatch occurred, or what it is that 
hatched, and if her young were born alive they precociously took off to 
make their own living—-almost at once, quicker than you can say 
Horatio Alger Jr. And if a reptilian father was there, the local infant 
mortality rate probably increased instantly. Thus, the pastoral scene 
in paintings or movies, showing members of the Triceratops clan peacefully 
dispersed in little family groups of father, mother, and the siblings is a 
pictorial superstition. Dinosaurs undoubtedly had many troubles but 
they didn’t suffer from momism. Young ones were completely organized 
chips off the old blocks,—even in details of dental hardware. (Fig. 2.) 


“Hight-Foot Eggs?” 


Superstitions about the size of dinosaur eggs are also common. “How 
did they lay those big eggs?” is a frequent question by students as they 
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examine the rear ends of large dinosaurs. It is based, of course, upon the 
belief that egg size was correlated with adult size. If a Mongolian 
Protoceratops (the only known dinosaur that is well-represented by 
eggs, juveniles, and adults) increased in bulk about two hundred times 
from when it was an eight-inch long egg until it became a six- to eight- 
foot long adult, so the reasoning goes, then a brontosaur egg and a 
grown-up probably had comparable size ratios. In extrapolating from 
small to big Species with this absurd analogy it may be imagined that a 50- 
ton adult Brachiosaurus laid an egg weighing two and one half tons in a 
shell seven or eight feet long. 

By a curious and ridiculous coincidence I once received a frantic 
request from Europe for me to verify a newspaper report that we had 
collected in Montana some whole dinosaur eggs that were eight feet 
long! It was a pleasure to reply that our discovery consisted of small 
calcareous egg-shell fragments whose curvature suggested that the whole 
eggs had been not more than eight inches in greatest dimension. 

Calculations indicate that the eggs of the extinct bird Aepyornis of 
Madagascar or of the French dinosaur Hypselosaurus may be near the 
top limit of size for eggs—10 to 13 inches long. In larger ones the internal 
fluid pressure would be so great that the shell would either have to be 
held together by cross struts or of such great thickness that an embryo 
would require a hammer and chisel to get out at hatching time. 

Most people believe that all dinosaurs were excessively stupid—that 
they had no brain power at all and that this was probably the major 
cause of their downfall. This reasoning fails, not only because many other 
animals that lived during dinosaur times and continue to flourish to 
this day possess even less gray matter, but also because we don’t yet 
have satisfactory ways of measuring comparative effectiveness or size 
requirements of brains for mere existence. Like many legends about 
animals this one has the common anthropic overtone that permits man 
(whose brain size is thought to be far greater than it needs to be for 
minimal survival in nature) to emphasize his superior intelligence. If 
dinosaurs were witless, they had been so for 120 million years before the 
scythe of time finally mowed them down, and the question arises—Why 
did this old long-continued dumbness finally cause their doom? Brains 
are like purses; contents are more important than size. 

All kids know that in the central nervous system of the pelvic region 
in some dinosaurs (with upright sheet-bone plates along their backs and 
heavy long sharp spikes on their tails) there was an enlargement which 
exceeded the size of the animal’s brain by twenty times. This kind of 
plexus, found in many dinosaurs in both the hip and the shoulder regions, 
probably made a quick motor response possible for the limbs and tail. 
Without these substations in the neural communications controls per- 
haps as much time as two seconds would be required for a nerve impulse 
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to travel from the tip of a brontosaur’s long tail which was being nipped 
by a hungry predator (on a day when the temperature was 70 degrees) 
to the brain and back with orders for action. A lot could happen in a 
whole thirtieth of a minute—our subject might be painfully detailed. 


Comic Strip Anachronisms ’ 


To the discomfiture of vertebrate paleontologists who have to answer 
endless questions about dinosaurs, the belief that ‘‘those bfg reptiles” 
and man lived at the same time on this planet is widely held, thanks in 
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Fia. 3. Artist Michael Ramus’ epitome of dinosaur history through Mesozoic 
time, satirizing current superstitions about anthropic emotions and the extinction of 
the giant reptiles. 


part to the comics, pseudoscience fiction, movies, puppets, toys, kits for 
the construction of prehistoric scenes in plastic, and television. Alley 
Oop, B. C., The Flintstones, and ‘‘The Monster in Manhattan” all have 
a share in creating and sustaining the idea. 

Dinosaurs are natural subjects for many lighthearted allegorical 
distortions in children’s books, records, funnies, and films. Few (perhaps 
no) other animals have served more faithfully to keep children, who know 
much more about dinosaurs than mother does, “out of mother’s hair.” 
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These same youngsters recognize this saying as an idiomatic cliché 
which brands mother as a mammal. As junior is apt to explain to her, 
literate dinosaurs would never make such a remark because dinosaurs, 
being reptiles, don’t have any hair to keep anything out of. To the aver- 
age grown-up who can take dinosaurs or leave them alone, they have 
become rather amiable clodpoll buffoons, not to be exactly ridiculed or 
censured but not to be taken very seriously, either; amusing, every ton 
of them. fn a western “Dinosaur Park” a herd r assorted life-size 
models of dinosaurs are locally called, with affectionate and punful 
disdain, “those darn eyesores.” 

Many people who know better than to believe in the 70-million year 
anachronism of people-dinosaur contemporaniety (either that people 
lived in Mesozoic time, or dinosaurs are still alive somewhere), do, how- 
ever, think that all dinosaurs died in a hurry, within a period of a few, 
or a few thousand, years. Geologists themselves must take much of the 
responsibility for the dissemination of this concept because they have 
often defined the end of the Age of Reptiles or Mesozoic Era as the exact 
time that dinosaurs became extinct. Ergo, reasoning in a tight circle, 
dinosaurs became extinct at the end of Mesozoic time. 


_ “Flapping Wings” and “Stomach Stones” 


Paleontologists in classrooms and museums often carefully emphasize 
the facts that there were no races or species or genera or orders of dino- 
saurs that ever learned to fly and none that dwelt in or on marine (sea 
and ocean) water, although some did spend at least part of their time in 
lakes and rivers. Numerous essays of students everywhere however, 
continue to repeat lurid stories of “dinosaur denizens of the deep” and 
“huge flapping wings of flying dinosaurs.” Some years ago, one of my 
students dutifully tried to put in a plug against this common impression 
by stating in a test, ‘dinosaurs had no flying orders.” True. 

One myth about the eating and digesting habits of dinosaurs has been 
profitable in hundreds of western souvenir shops where shiny ‘‘gastro- 
liths” or “stomach stones” are sold, usually for a quarter apiece. If there 
were an unlimited market for these at a tenth as much, we’d easily have 
al] the funds necessary to build a new and superior geological museum 
on the campus of every college, because some thick and extensive gravel 
beds in Utah contain “‘gastroliths” or highly polished rounded pebbles by 
the billions—with not a dinosaur in sight. 

Pebbles that have been found inside the collapsed rib cages of dino- 
saurs or in undisputed association with other extinct reptiles (such as 
plesiosaurs) never have a bright lustrous surface but are invariably dull 
or frosted in appearance, as are the small rocks and broken pieces of coke 
bottles and other bits of debris that are found in zoos at autopsies 
of deceased crocodiles and alligators. Fine gravel in the crops of fowl 
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becomes similarly coated with minute traceries and scratches as they 
grind together in the digestive mill. The origin of the sheen on the 
pseudogastroliths has long puzzled geologists, although siliceous pebbles 
on the surface of the ground in some places today occasionally attain a 
similar glossy texture when they are gently abraded for a long, time by 
particles of clay and silt carried in a flow of air or water. Dr. Sheldon 
Judson is now conducting a detailed study of surface features on pebbles 
to determine modes of formation of the kinds of gloss that were produced 
within dinosaurs and elsewhere. 

So generally held and so alluring is the belief that these rocks glitter by 
virtue of their sojourn inside of dinosaurs that it will be a long time before 
“‘gastroliths’’ are properly debunked to become “gastromyths” in the 
popular lore of dinosaurs. 


The “Romantic” Paleontologist 


When thinking of superstitions another one comes to mind—the 
almost universal belief that the search for dinosaurs and the task of 
exhuming them from their burial vaults of investing stone is an exciting, 
highly romantic, and easy occupation. Exciting it sometimes is, but the 
infrequent “romantic? moments occur briefly between long periods of 
hard work and discomfort. 

Diggers, working from soon-after-dawn to dusk in rocky deserts, are 
usually coated with sweat-smeared earth dust, much closer to Stoic than 
to Roman tradition. Well worth the effort and the muscle-hurting 
fatigue, however, is the sensation of discovery, the burst of exhilaration at 
uncovering a new kind of fossil bone or tooth, a chip of the cosmos that 
has been sealed away in a natural treasure-vault for a hundred million 
cycles around the sun. 

This rare moment of flighty romance is likely to be interrupted by 
lunch, a dry solar-heated sandwich softened enough by gulps of warm 
water to swallow. Vertebrate paleontologists see red when someone 
exclaims, “What a lovely vacation it must be to hunt fossils! And a picnic 
lunch out in the open air every day!” A truer midday picture shows the 
weary excavators sprawled under the truck in the precious small shallow 
pool of shade it makes from the white fire disc overhead, as they try to 
recoup enough energy for a burning afternoon with pick and shovel. 


Satisfactions of Science 


Corollary to the myth of the simple easy holiday in the search for 
fossils is the fact that bone digging actually does have some rewards 
which are not generally mentioned or discussed by bone diggers for fear 
of revealing a ready sensitivity to beauty in nature. In our current cult 
of preoccupation with numbers, quantities, and computers and other 
gadgets of academic automation, it is somehow out of pace with the times 
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to admit to aesthetic pleasures in Science. Nevertheless, as the successive 
layers of matrix are cleaved away to expose a petrified bone of a carnivo- 
rous dinosaur, a paleontologist may thrill to see it as a beautifully formed 
organization of elements that have served many functions in earlier 
eons. Mijliards of milliards of years ago the particles of substance in this 
gracefully contoured structure were not yet even part of a galaxy—only 
of diffuse matter in an endless firmament. As recently as ten billion little 
years ago the elemental atoms could not have had the framework of 
what we know as life, but recently, only a hundred million years before 
our moment, some of the stuffs now in this limb bone had helped build 
a graceful green living plant. They were next consumed to become part 
of the intricate body architecture of a dinosaur vegetarian, only to be 
devoured and redesigned as a carnivore. Muscles, nerves, vibrant motion, 
and the intertwining strands in life’s cable of continuity are all implied 
by this bare bone as it rises in awed hands from its planetary tomb, 
resurrected to help teach minds and engender new thoughts. This 
elegantly structured thing will briefly stay in this shape in a museum 
where, hopefully, muses will also come, and, perhaps, an embryonic 
Darwin. Later, fractions of such a temporary form as a bone will be 
dissociated and will flux with other shreds of the universe, constantly 
interforming through limitless time, from one dust to another, from 
unpredictable future flowing into continuous past. 

Diggers of fossil bones, caught off guard, will firmly answer “Yes, 
endlessly, forever,” to the question “Son of man, can these bones live?” 
Death doesn’t last very long in the thin veneer of the earth’s surface; 
materials of life are in steady demand for composing the rhythmic cycles 
and kaleidoscopic fluctuations of evolutionary products. 

Students in search of probing questions often ask if an allosaur will ever 
appear again, if the necessary chemical materials can be assembled and 
organized by nature in the future to recreate this specific living reptilian 
predator. The answer is no. Evolution cannot backtrack on such a grand 
scale, nor can it even appear to do so. There is far less possibility that 
the complexly interreacting galaxy of genes which participated in the 
genesis of Antrodemus will evolve again than that someone will some day 
find and reassemble to original form the dust and chips that Cellini 
removed from a block of lapis lazuli to form a sparkling blue bowl. 
The message about conservation of the records of living and of long-gone 
animals and plants is obvious. 


Reclaim the Only Past 


Present federal and state laws do not adequately protect our national 
heritage of precious petrified dinosaur bones from destruction in western 
states by amateur fossil hunters who, with no knowledge of the past and 
no thought of the future, recklessly smash exposed bones and unearth 
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others from their natural graves to gloat ignorantly over these “‘trophies.” 
Confusion in the minds of many people, legislators included, about the 
difference between archeology and paleontology (which need separate 
and special regulations) has hindered the development of scientific 
security regulations that might defend dinosaurs from the fate, aff Bering 
Island, of the giant (thirty-foot long, four ton) Steller’s sea cow, which 
was unable to dive away from the harpoons of predatory “‘sport’’-loving 
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Fia. 4. New Jersey landscape in the Cretaceous Period as depicted by B. Water- 
house Hawkins in 1877. This was one of the earliest attempts to reconstruct and 
place fossil vertebrates in life scenes. Many details in this picture were later proved to 
be wrong but it established a pattern of ideas in prehistoric pictures that became 
traditional. In the foreground a foursome of snaky plesiosaurs watches a pair of 
ichthyosaurs (none of which should be out of the water) conversing in mild shock 
about conduct in the long line of dinosaurs, one of which is expiring in operatic 
fashion with a villain at its throat while another pair presumably practices a vigorous 
and advanced version of the paleotwist. The pterodactyl narrator-prompter at the 
right appears anxious to announce further events. 


sailors and, victim of greed, has completely disappeared from the face of 
the earth. The number of earth-bound dinosaurs is likewise limited, 
and their exhumation should be directed henceforth only by experts who 
have access to the knowledge and the laboratories of trained geologists, 
biologists and chemists. It is now time to stop the plundering of our 
irreplaceable ancient treasures that are sepultured in stone. 

Wilderness-roving professional fossil hunters, clad in sweaty clothes 
and steeped in long-range visions of time and substance, often reflect 
upon (but almost never express) the kind of comment that Arnold 
Guyot made in Princeton more than a century ago, “The spectacle of 
the good and the beautiful in nature. ..calms and refreshes the soul.” 

Some people cherish the fancy that trained fossil-bone collectors are 
curious and obscure kinds of morticians or grave diggers in a macabre 
occupation. Paleontologists themselves, however, are much more con- 
cerned with the fact that ancient vertebrates once lived than that they 
died; the effort in the discipline of studying fossil vertebrates is to 
resurrect and revive the living part of the past, not to bury it. 
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Two closely-related and persistent folktales hold the belief that each 
dinosaur skeleton is (1) 99% plaster of Paris and (2) 99% imagination— 
that the only real part is perhaps a small toe bone from which a wild- 
eyed paleontologist with baggy pants invented the whole mad frame- 
work of bone, and that he ran out of plaster or the specimen would be 
bigger. But here the bone digger is on firm and well-proved ground 
because the skeletal designs of many dinosaurs are thoroughly known. 
Indeed, we know more about the form and fit of the stony bones of cer- 
tain dinosaurs than we do about the supporting structures of some living 
animals. 

When dinosaur remains were first studied and assembled, and the 
demand for examples far exceeded the supply, many ‘‘plasterotheres”’ 
were cast and marketed. A few of these are still preserved, more for the 
sake of history than for information. One of them perished in Princeton in 
1909 when a plasterothere-hating curator was installing the fossil collec- 
tions in the newly built Guyot Hall. He devised a series of ingenious 
accidents that shattered the artificial bones of gypsum beyond redemp- 
tion. This skeleton had formerly resided in the present Faculty Room of 
Nassau Hall where it was posed in a frozen awkward lunge toward a 
life-size replica of Mercury who, caduceus in hand and sandal-wings 
extended, was quite understandably sprinting for the door. 

The skeleton, a duplicate in plaster of the first nearly complete 
dinosaur found in North America (near Haddonfield, N. J., in 1858), 
was presumably wired together by Mr. B. Waterhouse Hawkins who 
had previously made a life-sized reconstruction of a living dinosaur in 
London and, as a publicity stunt, held a dinner party inside of it. His 
pictures of ancient landscapes were so popular in London’s Crystal 
Palace that he was commissioned to make a second (and now, only 
surviving) set for Princeton. He also started a series of full-scale restora- 
tions of dinosaurs for a large building in Central Park in New York. 
This was never finished, and the incomplete dinosaurs were presumably 
buried in Central Park where future archeologists may be in for a curious 
surprise. 


Much in a Name 


Additional cherished bits of misinformation cluster around dinosaurs’ 
names, many of which are now almost common household words, but 
are regarded, especially by awed parents, as unnecessarily long jaw- 
breakers with unpleasant sounds, whimsically bestowed by academicians 
who are as dry as the bones of the species being named. Many of 
the names are indeed ugly, and hard to say—Szechuanosaurus and 
Psitiacosaurus, for bad example, although they are not less milli- 
fluous than some of the names in almost any football program. Other 
names of dinosaurs can be pronounced, in accord with Hamlet’s instruc- 
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tions to the players, trippingly on the tongue; such are Tornieria, 
Coelurosaurus, and Manospondylus. 

Dinosaur names are among the best of pawns for playing one-upman- 
ship in grammar schools and junior museums. Any child can intimidate 
almost any parent by remarking that Saurolophus osborni is a gpecies of 
dinosaur from Alberta that was named in honor of Henry Fairfield 
Osborn. 

“Saur” is rooted in the Greek word for “lizard” and “dino” means “ter- 
rible,” a fact apparently overlooked when people are urged to buy ‘‘dino- 
fuel” for their automobiles and thus subscribe to the common belief or 
superstition that all dinosaurs were swift and powerful. Further, “fuel,” 
from Middle English sources, indicates a means of sustaining extreme 
fondness or passion for anything. Hence ‘‘dinosaurfuel’’ could mean, if 
you don’t insist upon etymologic purity, “great enthusiasm for the 
terrible reptiles,” and an increasing number of people confess to having 
this passion in natural history. 

For many years Princeton had no assembled dinosaur skeleton, other 
than the ‘‘accidentally’’-destroyed plasterothere that had been in Nassau 
Hall (Hadrosaurus foulki), probably because dinosaurs are so expensive. 
Big ones may cost more than $100,000 from the time of discovery to the 
moment of ceremonial unveiling in a museum. Thereafter the upkeep is 
cheap and educational. The high cost of dying didn’t faze dinosaurs but 
the high cost of their resurrection has hindered studies of them. 


A Waild-Goose Chase 


The presence now of a highly sophisticated mount of a splendid dino- 
saur skeleton in Guyot Hall resulted from an unusual and curious series 
of events. In 1939 Malcolm Lloyd, Jr., 94, asked why we had no dinosaur 
skeleton in our Museum of Natural History and offered to help support 
an expedition to get one. He had been told, by a person who wanted a 
job on such an enterprise, that a good skeleton was waiting for the 
diggers’ shovels in southern Colorado. A summer field party was or- 
ganized in 1940 to investigate. To our outraged innocence we soon dis- 
covered that the report was a barefaced fraud and that instead of hunt- 
ing a dinosaur we were chasing a wild goose on a deliberately faked trail. 

Fortunately an alternative real road to Jurassic dinosaurs was open 
in accord with our stand-by plan, and we quickly joined graduate 
student W. Lee Stokes (now Chairman of the Department of Geology, 
University of Utah) where he was already investigating a site in the 
middle of Utah near his home town of Cleveland in the heart of the 
Mormon country, at a spot from which he had previously secured bones 
from the Morrison formation for Brigham Young University. During 
that summer and the next, our digging developed an irregular quarry 
pattern equivalent in area to about ten yards square in the yard-thick 
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calcareous clay matrix. Many more than 1000 bones, representing the 
partly dismembered and scattered carcasses of about two score dinosaurs 
of half a dozen kinds were uncovered, carefully plotted on the quarry 
maps, and removed. Two thirds of the skeletal parts belonged to several 
age groups of carnivorous dinosaurs—a double reversal of the usual 





Fia. 5. Bones and teeth of Antrodemus (an-tro-dee-mus) valens (vay-lens), mean- 


ing ‘“‘hollow-build, strong,” in the Cleveland- Lloyd Q Quarry, central Utah. Photo by 
University of Utah. 


occurrence in other dinosaur quarries, of about three herbivores to one 
or two wholly adult flesh eaters. These facts and other testimony by the 
rocks and bones suggest that the animals congregated in a shallow 
dwindling lake or swamp area during a period of drought, that the huge 
starving plant eaters trampled the corpses of the dead and were them- 





Fia. 6. X-ray diffraction trace shows that a piece of bone from Antrodemus’ tail is 
now composed of carbonated calcium phosphate. 


selves attacked by the desperate carnivores. A shroud of air-borne 
volcanic ash was later draped over the mass grave. 

To designate the spot in scientific publications it was later named 
“Cleveland-Lloyd Quarry” in honor of the nearby town and of the man 
whose amateur interest stimulated professional activity. 

Many of the bones in the quarry represented the predatory Antro- 
demus (also often called Allosaurus), to the delight of the quarriers. For 
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the labor of one digger, we paid dinosaur bones to his alma mater, 
Brigham Young University. 

Extensively cracked by their postmortal residence within the earth, 
most of the brittle bones broke into many pieces as they were exposed in 
the rock and they required applications of penetrating cements before 
they could be removed. Even after using great care to keep all adjacent 
fragments together and to plot them adequately on the quarry diagrams, 
some of the subsequent repairs resembled the assembly ôf intricate 
3-dimensional jigsaw puzzles. Within the cavities of some bones are 
clusters of crystals, translucent to milky-white, of calcite and quartz 
and, occasionally, radiant lavender amethyst—where once billions of rich 
red cells of blood were born in the marrow to pulse, laden with oxygen, 
through miles of great hemal channels within vast masses of muscle 
and bone. 





Fic. 7. Jurassic jewels—crystals of calcite, quartz, and amethyst in broken limb 
bone of Antrodemus from Cleveland-Lloyd Quarry, central Utah. Bone about 3% 
inches across. At 109°F. small bubbles in the fluids within the crystals disappear, sug- 
gesting that the crystals were formed at that temperature while the bones were buried, 
perhaps warmed by blankets of hot volcanic ash. Photo by Willard Starks. 


Were We There? 


During periods of rest from the excavating work, speculations occurred 
to the diggers concerning the scientific and philosophical significance of 
the scattered jet-black pieces of skeletons. Flights of fancy led to wonder 
about the possiblity that members of. our own squirrel-sized ancestry 
might have perched and chattered on top of some of these man-long 
bones, bleaching white in the sun, before they were buried. Our Jurassic 
forebears lived somewhere; for all we know to the contrary, maybe a few 
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of our early relatives visited this natural ossuary in the quest of food so 
voluminously available. 

Brontosaur meat might have been delicious, either fresh or gamy, and 
the mountains of soft collapsing protoplasm: of a single dinosaur hulk on 
the bank, of a stream would have fed many creatures—worms, insects, 
fish, crocodiles, turtles, lizards, mammals, and flying scavengers, for a 
long time. Keen olfaction was not necessary to sense, a league or more 
downwind or downstream, that the flesh of another giant was being 
redistributed. More than 150 of the furry mammalian mites would have 
been required to balance one of the large dinosaur thigh bones on a 
scale, but in retrospect we know that the genetic line of the tiny warm- 
blooded forms has, here in the era of man, already endured twice as long 
(140 million years) as that of any of the dinosaurs in the quarry. 

Many perspectives in other dimensions were also discussed in coffee- 
breaks around the bone pit. Beds of sediment had continued to accumu- 
late at irregular rates in the Colorado Plateau area until at least a heavy 
mile-thick mass covered the bones. Then the processes reversed and 
erosion removed the rocks again to form this beautiful wild country, a 
place of interesting and turbulent episodes and memories of natural and 
human events. The Cleveland-Lloyd dinosaur quarry, 5800 feet above 
sea level lies about 110 miles southwest of the area that President 
Woodrow Wilson established as Dinosaur National Monument. 

Names on the land within 25 miles of the quarry reflect the industrial, 
religious, and pioneering flavor of the country—Geneva Coal Mines, 
Assembly Hall Peak, Book Cliffs, Panther Canyon, Wild Cattle Ridge, 
and Neversweat Wash. 

Putatively reliable records of the year 1897 place the origin of horse 
opera’s most indispensable line in the mouth of a helpful pistol-toting 
witness when a train station was being held up for the payroll at nearby 
Castlegate by Butch Cassidy (who was merely following a technique 
perfected locally by the Robbers’ Roost Gang)—‘‘Get back in there or 
PI fill your belly full of lead ”’ 


Scattered Bones to Sophisticated Skeleton 


After the precious but very heavy dinosaur bones from the quarry 
were freighted (without holdup) to Princeton, and cleared in the labora- 
tory of most of the Utah matrix, more than fifteen years elapsed before 
several requisite factors could be funneled into focus on the plan to install 
a composite skeleton of Antrodemus as the centerpiece in our museum. 
Needed were funds for allocation to this vision, the development of new 
lightweight and strong plastics, and highly skillful experienced tech- 
nicians who could make the necessary studies for modeling and casting 
the few missing elements of the skeleton and who had the time to work at 
some other museum on our specimen on a moonlighting basis—we 
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lacked manpower, space, and facilities. Finally these factors were favor- 
ably established and combined (probably, and regrettably, for the only 
possible time), and the mounted skeleton was unveiled in Guyot Hall in 
1961 after being assembled there by Arnold D. Lewis and James A. 
Jensen who had previously taken the bones to their lab at Hayvard for 
restorations and fittings. No other dmosaur has had a similar or more 
constructive sojourn in the Harvard Yard. 

The jaws and the lacy skull were so skillfully restored as to create a 
demanding market for many copies; from the 18 institutions to which 
they were sent we have received a rich harvest of other specimens in 
exchange. Nineteen duplicates have been distributed—to museums in 
the United States, Canada, England, Germany, Japan, and to one 
student who convinced his parents that a fine lively specimen of dinosaur 
skull and jaws in a pose of menacing attack is far better than a mothy 
dead elk head over the mantel. 





Fia. 8. Skeleton of Antrodemus valens Leidy in Princeton University Museum of 
Natural History (no. 14554), a composite of bones selected from at least three dis- 
membered skeletons of middle-sized adults. More than 425 bones in the skeleton, 
which is 30 feet 9 inches long (214 feet of tail—40 vertebrae, cut off by edge of pic- 
ture), 2214 hands (71% feet) high at the neck. Live weight was about 2% tons (nearly 
as much as the players, referees, and head coaches at a college football game). Photo 
by Willard Starks. 


To avoid the necessity of extending a metal rod from the platform 
base to the head of the mounted skeleton, it was necessary to cast the skull 
and jaws in tough foam plastic and thus reduce the weight from the 33 
pounds of a plaster replica to 6144 pounds. The original fossil bone would 
have been far too heavy for the thin supports to hold. For a dinosaur 
to have a cantilevered rampant pose it must be light-headed. 

Several museum recipients of our head casts will also get enough bones 
from the Utah site, where the quarry is being extended by the University 
of Utah under the direction of Curator James H. Madsen, Jr., to assemble 
several more skeletons of Antrodemus. A few of these composite bodies, of 
somewhat different sizes, will all have heads of one size—cast from our 
specimen. This at last reverses the ancient practice whereby many of the 
Roman portrait statues (often made by Greeks) had different heads on 
duplicate bodies. 
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An appropriate final touch was given to the mount of Antrodemus by 
Dr. Donald Baird, Associate Curator and Princeton specialist on fossil 
footprints, when he formed several depressions in the plaster of the base, 
before it had hardened, to represent tracks that might have been made 
by the apimal as it futilely trotted westward toward its original home. 
Near that spot several years ago a local prospector found some dinosaur 
tracks that he offered for sale. When pressed for more information about 
them he sent a photo of a large one on a thick slab of rock which he had 
dug up and weighed. “Think of the size of the great dinosaur that made 
this wonderful track,” he wrote, and added, ‘“Think of how big he must 
have been in life when one of his footprints weighs 562 pounds!’ 
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THE RETINEX* 
By EDWIN H. LAND 


ANY visual phenomena, which have been observed over the years, 
M cannot be explained by simple Newtonian theory. We have found 
that among these unexplained phenomena are the sensationg perceived 
from experimental scenes designed to reproduce the randomness of 
patterns and objects in the real world. Yet, large numbers of observers 
have consistently reported constant visual experiences when witnessing 
such experiments. Accordingly, we have been searching during the past 
few years for some simple approach that would account for color in 
these situations. 

We began by accepting the kind of ideas which were initiated by 
Thomas Young and carried on through the work of Helmholtz and 
Hering to such present day studies as those of DeValois, Hubel, Wiesel, 
Rushton, and MacNichols. All of these experimenters concluded that 
the retina contains receptors having peak sensitivities in different 
portions of the visible spectrum. In general, they hypothesized that 
there were peaks in the regions of approximately 600, 550, and 470 mu 
and that the response curves for these receptors overlapped each other 
widely. Some of the later experimenters proposed that there were also 
what are called “opponent-type”’ receptors, namely, sensitive end- 
organs connected to cells which simultaneously give an affirmative 
response to the presence of energy at certain wavelengths and a denial 
response to its absence at other wave lengths. There is so much reason 
and logic in these attitudes toward the visual system, that it seems 
certainly desirable to accept them. 

We have found it fruitful, however, to go somewhat beyond these 
ideas and would like at this time to suggest that these receptor systems 
exist in sets. We would propose that all of the receptors with maximum 
sensitivity to the long waves in the spectrum, for example, operate as a 
unit to form a complete record of long-wave length stimuli from objects 
being observed. (For convenience of reference let us call this suggested 
retinal-cerebral system a “retinex.’’?) For us, having made this one 
assumption, many of the problems of color vision were enormously 
simplified. It then became possible to predict color in a way which 
formerly had been impossible. Even more important, we wish to show 
that, on this new basis, an entirely different rationale comes into the 
understanding of color vision. Curiously, color vision itself becomes such 
a “simple”? phenomenon that the mystery and wonder of it is shifted to 
another domain: the domain of the perception of lightness. Much of 
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what we will discuss in this paper, then, will be the subject of lightness, 
after which we will show how simply the concept of color vision is arrived 
at through the hypothesis that these receptor systems exist separately. 

If we do make the assumption that there are several sets of receptors, 
for example, three, and that within each set the members are systemat- 
ically related by a retinal-cerebral interconnection, so that they operate 
as a unit, then we can give an example of how the eye differentiates be- 
tween the broad, flat absorption curves of the pigments in the real world. 
If a succession of band pass filters which respectively isolate the long, 
middle, and short wave sections of the spectrum are held to the eye, the 
scene viewed is perceived to differ in terms of the lightness of the objects 
and of the areas within it. For uniform illumination, the lightness 
change of the objects in the scene can be equated with ordinary spectral 
reflectance. Our theory would propose that the receptor sets act in- 
dependently to isolate each of the different images—or, as we shall call 
them, lightness scales—which exist within the mixed pigments of the 
natural world. Although the images viewed through filters such as we 
mentioned would to a degree exemplify the type of lightness scale 
formed by the retinex, it is only under uniform lighting conditions, as 
we shall discuss, that the lightness scale on the retinex has any corres- 
pondence with measured reflected light. 

Clearly, the fact that we can see these separate images with their 
different lightness scales by successively holding various filters to 
the eye does not in itself show that these images exist independently of 
each other when one views the world without filters. Nevertheless, we 
do think that, in a mathematically functional sense, these images exist 
independently. We are not urging that the retinal elements with the 
same peak sensitivity have to be directly connected to each other, but 
rather that, in the retinal-cerebral liaison, those elements with the 
same peak sensitivity cooperate to form a mechanism that has the 
capacity to establish an image. (Incidentally, this theory does not imply 
that “opponent-type” receptors are not utilized; to the contrary, the 
presence within our proposed sets of receptors of denial responses as 
well as of affirmative responses would only serve to strengthen the 
suggested reaction of these systems.) 

When we look at an ordinary black and white photograph, we are 
seeing the response of the retinexes to a scene in which the pigments 
have not been separated; that is, each retinex is receiving the same 
image as the others in terms of lightness. When, instead of looking 
at a black and white picture, we look at the world of color around us, 
the image produced by each of the proposed retinexes differs in terms 
of lightness from the image on each of the other retinexes, as we ex- 
emplified when we looked at the world through the succession of narrow 
band filters. Each retinex system will form an image in terms of light- 
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ness corresponding geometrically to the optical (i.e., physical) image on 
the retina. Thus, there will come into being the analogue of superposition 
of the optical images: somewhere in the retinal-cerebral system there 
will exist three images in terms of lightness which have a relationship 
that corresponds to having three optical images on top of eagh other. 
These retinal-cerebral images in terms of lightness—these retinex 
images—have quite different properties from the optical image, as we 
suggested before. For example, light and dark areas in the lightness scale 
of the retinex need not derive from high and low luminous energy in the 
optical scale. (Moreover, in current experiments which will not be 
discussed in this paper, we have found that it does not at all matter how 
the lightness scales for functional interplay of the retinexes come into 
being.) Our view is that a given object in the image will coincide with 
itself somewhere in the multiple retinex system. This object will hold 
one position in the lightness scale on one of the retinexes, another posi- 
tion in the lightness scale on the other retinex, and a third position in 
the lightness scale of the third retinex. These three positions are estab- 
lished quite independently: what happens on one retinex has nothing to 
do with what happens on another retinex (in the extreme pedagogical 
statement of the issue.) The position in lightness, or what we will refer 
to as the “rank order,” u] which the given object occupies on a particular 
retinex is determined by the rank order of all the other objects on that 
retinex. And all of the positions of rank order for that retinex are de- 
termined mathematically by the interaction of the spectral absorption 
curve of the receptors for that retinex with the spectral absorption 
curves for all the objects in the field of view. Thus, the very meaning of 
lightness for our given object is the interplay of all the stimuli and all 
the sensations for that retinex alone. For our given object there exists 
in super-position in the retinal-cerebral tract three independently drawn 
conclusions—conclusions about rank order of lightness on separate 
retinexes. Essentially, our hypothesis is first, that the retinexes exist; 
second, that they draw their conclusions independently; and third, that 
it is the comparison of these three separate conclusions for the single 
object that gives the sense of color. Color is the correlation number for 
several rank orders of lightness. If we assign a number, for example, to 
each lightness position in each image on each of the retinexes, then the 
color of an object can be stated in terms of three digits, each of which 
expresses the lightness of a given object on its respective retinex. (As 
we shall see, in binary projection, two of the three digits equal each 
other.) At first, this hypothesis does not seem remarkably different 
from that which would be classically expected from the elementary 
Young-Helmholtz approaches to color. It is only when one examines the 
extraordinary stability of the lightness scale for each of the retinexes, 
that one comes to realize how this idea diverges entirely from the 
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classical point-by-point study of color vision. In classical studies, one 
is concerned with the mixing of energies at various wave lengths. In 
this approach, one is concerned not with mixing energies, but with 
correlating lightnesses—whatever their associated energies happen to be. 

Experjments for this hypothesis are easily carried out by studying 
patterns or objects, in a dark room, illuminated with projectors. First, 
we made a large display, resembling a painting by Mondrian, by ar- 
ranging a variety of gray papers cut to many different size rectangles 
(Fig. 1). The observer’s sensation ranges from white through the grays to 
black in various parts of the display. This display is then illuminated by 
light from a lantern slide projector. By inserting in the slide carrier of the 
projector a neutral density wedge, we can control the illumination on 
our “Mondrian,” and, in particular we can pick a wedge that from one 
edge to the other varies in transmission as much as the reflectance of the 
black paper in one part of the Mondrian differs from the reflectance of 
the white paper in another part of the array. When we insert the wedge 
in the projector, we see very little change. All of the various white, gray, 
and black rectangles look nearly as they did before. It is only by using a 
photometer that we can show that the energy coming from the black 
area at this position in the Mondrian is equal to the energy coming from 
the white area at this other position in the Mondrian. Although this 
result is well known to those who are familiar with the phenomenology 
of vision, it is nevertheless an astonishing event, and a good example of 
the difference between the lightness scale and the optical scale. t2) 

A variant of this experiment is to place in the illuminating projector, 
instead of the wedge, what we might call a mottle slide; that is, a slide 
of blotches in which the transmission varies gradually in a random sort 
of way from place to place. When the display is illuminated with this 
mottled illumination, each of the rectangles making up the display looks 
nearly as light or dark as it did when the illumination was uniform. 
The observer may often not be able to tell that the illumination is indeed 
intricately variegated, or he may have only the sensation of a broken 
shadow over the board which neither affects nor interacts strongly with 
the perceived lightness of the rectangles. One might rationalize this 
magnificent accomplishment of the eye by suggesting that each area is 
related to an area around it and, in that way, has its lightness deter- 
mined. (We must emphasize, however, that this display was arranged in 
such a way that no area had a predictable surround.) It seems to us, 
at any rate, that this rationalization would be an oversimplification of 
the phenomenon and that it is better to keep wondering about it than to 
half-explain and then to dismiss it. Our own view is that the ability here 
manifested by the eye to discern and to evaluate an array of simple 
entities in a field of violently fluctuating stimuli is one of the great 
basic competences of the retinal-cerebral system. 
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Before we leave this experiment, let us note that, whether the il- 
lumination is non-uniform or uniform, changes in the overall brightness 
of the projector do not alter the rank order of lightness of the various 
rectangles. Moreover, with or without mottle and wedges, the eye has 
the amazing ability to discern these lightnesses in flashes of light lasting 
as short a time as one-millionth of a second. In this fraction of an instant 
only an electron or proton can move, but our perception mechanisms 
need no lofiger period to record a lightness scale. 

This whole series of experiments show that there need be no correlation 
at all between the amount of energy coming to the eye and the apparent 
position of a given object in the lightness scale. The approach which 
a physicist ordinarily takes in examining this problem is to illuminate 
a scene uniformly and then to measure the reflectance of objects in the 
scene—or, he may, so to speak, take the scene to pieces and pick little 
pieces of paper which he puts in a densitometer. In a sense, he uses a 
simplified “scene,” in which he is comparing one object: the piece of 
paper, with another object: the controlled white chalk that he uses for 
his standard. The essence of his approach is to illuminate the chalk and 


«to illuminate the piece of paper being examined with the same quantity 
of radiation and then to measure what returns from the chalk and what 


returns from the paper. He then assigns a reflectance number, a number 
which tells what per cent of the light which fell on the test paper returns 
from it. The great miracle of the eye is that it does not need what the 
physicist needs: it does not need uniform illumination in order to 
establish a lightness scale. In spite of surface lights, glancing lights, and 
scintillation lights, in spite of lights from building contours, in spite of 
an object’s being surrounded by many light areas and many dark areas 
or by a motley group of light and dark areas, the eye can state, with 
almost unerring certainty, with an exposure of only a millionth of a 
second, a result which the physicist can find out only by eliminating all 
of the variables we have just named; the eye finds the reflectance that 
lies beneath all of these variegated superficial phenomena. 

We now replace the Mondrian made of the various gray cards with 
a new display made by pasting designs cut out of colored papers on one 
extensive board (Fig. 2). The objects are randomly arranged to satisfy 
the following four conditions: (1) The objects overlap so that the sup- 
port card does not show through gaps between them, in order to eliminate 
any common background. (2) In spite of their overlapping, the nature of 
each object is immediately perceptible so that, for reliable discussion from 
a distance, it can be remembered and identified by name. (3) Each object 
has in its immediate neighbors a large and unpredictable assortment of 
colors to eliminate any specifically colored surround. (4) Each object 
reflects not less than one-tenth of the light in those portions of the 
spectrum where the object has its least reflectance. This is to insure that 
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surface light will be a small component of the measurement. 

We use three illuminating projectors instead of the single projector 
that illuminated the Mondrian. Each projector has over its lens a band 
pass filter for one portion of the spectrum. The transmission curves for 
the filters are shown in Figure 3. The filters were chosen to isolate three 
different lightness scales by interaction with the absorption curves of 


= our colored display. If the illuminating filters pass too broad a spectral 


band, then remnants of color remain in the objects viewed through 


FILTER TRANSMISSION BANDS 
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Fia. 3. Transmission Curves of Band Pass Filters used in the experiments 
with the Color Cut-Out Board. 


them (for reasons that will be explained in our discussion of the applica- 
tions of retinex theory). The spectral bands which these filters pass, 
however, are narrow enough so that, when the board of colored objects 
is seen illuminated with one projector and filter, the display is perceived 
as a nearly colorless pattern with a wash of colored light over it. A 
variable transformer is placed in the circuit of each of the lamps in the 
projectors in order to control each of their brightnesses. Hach of the 
three slide holders is again available for inserting either wedges or mottle 
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slides. The projectors are now turned on one at a time, thus changing 
from one filter to another. With this change from one wave length band 
to another, the position of many objects in the lightness scale changes: 
lights become dark, darks become light, some mediums become dark, 
some mediums become light, some mediums stay medium, ete. 

As the brightness of a single projector is altered while the others are 
still extinguished, one is not surprised to see that the lightness scale — 
for that band of wave lengths, stays essentially constant. This corre- 
sponds with what we experience in everyday life. But one does not ex- 
pect to see (except on the basis of our own earlier experiments) [z] 
that with all three projectors illuminating the board, the relative bright- 
ness of one of the projectors with relationship to the others can be 
varied enormously without profoundly altering the chromaticity of 
any of the patterns on the screen. We have used a number of test cards, 
all with random distribution of object colors, and all giving the same 
experimental result. As far as we know, only our retinex theory can 
explain this result, and it explains it very simply. Changing the brightness 
of one projector with relationship to the others, does not change the 
lightness scale for the retinex which responds to the wave lengths passed 
by the filter on that projector. Therefore, any alteration in the relative 
brightness of the three projectors does not produce an alteration in the 
relative rank order of lightness for a given object respectively on each 
of the three retinexes. Because the lightness scales are invariant with 
brightness, the perceived color must be invariant with brightness— 
if our doctrine is correct. (On the other hand, since the ratios of luminous 
energies at the three wave lengths are, by definition, a variant in this 
experiment, those ratios cannot be the determinant of color.) 

We next introduced a mottle slide, like that used in the Mondrian 
experiment. This slide can be inserted in any one of the three projectors 
without significantly altering the color of the total display. Two of the 
projectors are turned off, leaving only the projector with the mottled 
display in it. As with the Mondrian, one finds very little difference in the 
lightness of each of the objects on the board from what it was without 
the mottle, despite the fact that the measured variation, because of the 
imposition of the mottle on the beam, may be large. 

Again, one may illuminate the board successively with a variety of 
narrow bands of wave lengths. As long as the variation in the lightness 
scale for each projector remains trivial, a variation in wave length can 
be regarded as equivalent to a change in the intensity of that projector; 
as we have already seen, a change in over-all intensity does not change 
the chromaticity of our display. 

Finally, we put a wedge, such as described in the Mondrian experiment, 
into one of the projectors, which caused a strong but uniform variation in 
the illumination across the scene. The two other projectors are for the 
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moment turned off, and, in the scene illuminated by the projector with 
the wedge in it, one finds many light objects which can be measured as 
sending to the eye as little light as do the perceptibly dark objects in the 
brightly lighted part of the scene. What happens when the other projec- 
tors are then turned on? They are illuminating the screen uniformly with 
their two bands of wave lengths. In classical theory, one would expect to 
find quite a new gamut of colors because of the new set of ratios of ener- 
gies from various parts of the board. But one, indeed, finds that the in- 
troduction of the wedge into one of the projectors has altered the gamut 
of colors very little. In particular, one may amuse oneself by arranging 
wedges in the beams of the several projectors so that from a pear per- 
ceived as dark green on one side of the cut-out board and from an oak | 
leaf perceived as bright brown on the other side, the eye is receiving the 
same number of quanta of the same frequency. (Remember that these 
objects have no predictable surround.) In other words, for the oak leaf 
and the pear, this is a null experiment in radiant input to the eye, with 
the two objects giving identical readings on examination with any sort of 
physical light meter. In spite of these identical inputs of radiation to the 
eye, the objects are perceived to differ completely in color. 

Thus we find that color can hold its constancy while the ratio of ener- 
gies varies in many ways and that another constancy appears: observers 
all see the same colors. Furthermore, we can assure you, that if in a dark 
room we were to turn the projectors on for only one-millionth of a second, 
one would essentially see the same colors even if the wedges or mottle _ 
slides were in the projector and even if the voltage of one projector were 
set in arbitrary relationship to the voltage of the other projectors. These 
experiments, then, urged us to seek a formulation which would permit 
the simultaneous and independent existence of three or more lightness 
scales, since three independent lightness scales are demanded by the 
observation that only perceived color and only perceived monochrome 
rank of lightness are invariant throughout our experimental variations. 


Applications of Retinex Theory 


Retinex theory can be applied to explain not only familiar experiences 
like the constancy of color during the change from blue sky light, to sun 
light, to tungsten light, and to even more extreme variations in the 
illumination, but also to explain a large family of impressive experiments. 
The results from such experiments include the extended gamut of colors 
produced in binary projection with assorted color filters. Equally impor- 
tant are other projections in which no color appears in spite of the pres- 
ence of classical stimuli for variegated color. Since the explanation of the 
everyday experience of color constancy will become nearly obvious 
after we have discussed the other experiments, we shall leave the every- 
day situation for analysis-later in this paper. 


a 
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Projection with Red and White: The most dramatic and puzzling of the 
projection phenomena has been the richly colored image one perceives 
when two color separation black and white transparencies are super- 
posed on the screen, one in white light and the other in red light. 14} The 
Maxwellian combination should be an assortment of pinks rather than 
the perceived grays, browns, whites, yellows, blue-greens, purples, and so 
on. Most efforts that have been made to explain this phenomenon have 
failed because the colors are fully seen in microsecond projection, be- 
cause there are no predetermined color adjacencies in the projections, 
because there are no stringent requirements on the relative brightness of 
the two images, and because there is no need for uniform illumination 
of either of the component photographs. The essential invariance of the 
color throughout all these diverse conditions rules out all proposed 
explanations that involve fatigue, wandering of the eye, averaging over 
the picture, the effect of immediate surround, or, indeed, intelligible ex- 
planations in terms of the whole surround. The term “successive con- 
trast” is ruled out by the microsecond flash, and the term “simultane- 
ous contrast” offers no help in predicting what color will be seen in these 
~ images, in which the colors of the objects dispersed around a given object 
are random accidents of the environment. {5} 

On the other hand, if we accept retinex theory and assume spectral 
sensitivities for the three retmexes corresponding respectively, for 
example, to the curves in Fig. 4 [61, then the colors perceived in any of 
the forementioned conditions as well as the invariance of the color over 
all of these conditions lend themselves to very simple explanation. 

In red and white projection, the long-wave retinex system will form a 
lightness scale from the optical image of the black and white slide pro- 
jected in red light. This perceived lightness scale will be invariant to 
changes in the brightness of the projector, to variations in the uniformity 
of illumination of that projector, and to reducing the time of projection 
to a microsecond. The other color separation slide, the one usually photo- 
graphed through a green filter, is projected with white light. All three 
retinexes, the long-, the middle-, and the short-wave, will form lightness 
~ scales of this optical image. We can assume that these retinex images in 
terms of lightness will be like each other and that the objects within them 
will have the same rank order. If we now do our accounting of the images, 
we find: (1) a middle-wave record (that is, a photograph taken through a 
green filter) transformed into a lightness scale on the short-wave retinex; 
(2) a middle-wave record (that is, an identical photograph to that in (1)) 
transformed into a lightness scale on the middle-wave retinex; and (8) 
on the long-wave retinex, not only this same image but also the afore- 
mentioned long-wave image: these two will exist in combination. Let us 
pause to discuss this combination. 

_ The essence of our argument up until now has been that the images 
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formed by the separate retinexes are not intermixed; that they are, in 
effect, orthogonal to each other as far as energy is concerned; that they 
are compared or correlated. When we come, however, to images that are 
superposed on the same retinex, then we are dealing with the simple 
addition of luminous energy. Thus, if the long- and middle-wave, records 
are superposed on the long-wave retinex, then the lightness scale on that 
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Fig. 4. Curve shapes suggested by the experiments of Marks, Dobelle and 
MacNichol for red, green and blue receptors. 


retinex will be determined by the composite of the long- and the middle- 
wave optical image. The lightness scale formed from this composite is 
what would then be correlated with the other lightness scales. That is, 
the lightness scale on the short-wave retinex will be correlated with the 
composite on the long-wave retinex, as will, at the same time, the light- 
ness scale on the middle-wave retinex. The lightness scale on the short- 
wave retinex is identical to the one on the middle-wave retinex in this 
experiment; there is a one-to-one correlation between them which would, 
therefore, not have to be considered in the determination of the colors 
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produced by the other two correlations. Returning for a moment to the 
composite image formed by. the long-wave retinex, we note that, if we 
change the relative brightness of the red and white projectors, we do 
alter the composite rank order of lightness on this retinex, and, in 
particular, 1f we cut the brightness of the white projector to the point 
where its red component has, for example, one-half the energy that the 
long-wave record has, then the rank order will approach more closely 
to the rank order of the long record alone. But whether or not we change 
the brightness of the white projector, there still will be a pronounced 
difference in position on the hghtness scale for each object in the com- 
posite on the one hand and for the same object on the middle and short 
retinexes on the other hand. 

We can study the properties of some of these correlations by the follow- 
ing experiments: The long record is projected through a far long-wave 
red filter while the middle record is projected with a far short-wave blue 
filter. The image from either projector alone is perceived as being covered 
with a very desaturated over-all wash, with the objects seeming nearly . 
colorless. When the two projectors are on, the objects become red, blue, 
brown, orange, and gray. If now the same experiment is repeated, re- 
placing the far blue filter with a narrow band green filter, much the same 
gamut of colors is seen in the same places. except that many of the ob- 
jects that appeared blue now appear green. In general, there seems to be 
a great similarity between the way the short-wave retinex behaves when 
its middle-wave image is correlated with that on the long-wave retinex 
and the way in which the middle-wave retinex behaves when the same 
middle-wave record is correlated with the lightness scale on the long- 
wave retinex. This similarity of the function of the short and middle 
retinexes would be lost sight of if one correlated a short-wave image on 
the short-wave retinex with the image on the long-wave retinex because 
of the great difference in rank order produced by illuminating the scene 
with short waves as opposed to middle waves. The engaging fact about 
= red and white projection is that the middle-wave record is the one that is 
on both the middle and short retinexes, so that the small difference in 
behavior of the middle retinex and the short retinex manifests itself by 
the appearance in binary projection of both red objects on the one hand 
and blue or green objects on the other, depending on subtle differences in 
the absorption curve of these latter objects. Both the short and middle 
retinexes, because of their similarity in behavior, contribute together and 
without conflict to the sensations of grays, browns, oranges, and so on, 
when they are simultaneously correlated with the lightness scale of the 
long retinex. [7] 

The variation of the relative brightness of red and white projection 
does not alter the rank order of lightness on the middle and short reti- 
nexes. If one does the arithmetic of addition of the images on the long 
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retinex, one finds a very slow and small change in rank order for large 
variations in the relative brightness. Here we see one reason for the 
extraordinary stability of the colors produced by the technique of red 
and white projection. 

Projection with Red and Yellow: If one now examines projecting images 
with a red filter and a yellow filter in the way that Evans did in the 
early 1940’s, one finds that, in that situation, one has on the long retinex 
the lightness scale produced by the composite optical images of the long 
and middle records, and, on the middle retinex, the results of the middle 
record, and on the short retinex, a weak middle record due to the cross- 
over of the absorption curves of the middle photo receptors and the short 
photo receptors. Since a weak, but pure, optical record leads to the same 
rank order of lightness as a more intense record, the results from red and 
yellow will be essentially the same as from red and white. 

` Projection with Red and Green: Let us next consider projecting with red 
and green filters. (3) Here the long record is pure in its stimulus for the 
long retinex, the middle record is pure in its stimulus for the middle 
retinex, and the short and the long retinexes will reflect the crossover 
stimulus from the middle record. Again, the short retinex, having a pure 
image on it, will be forming the same lightness scale as the middle 
retinex. The crossover from the middle onto the long retinex will be of 
the magnitude always present in daily vision. The full rank order dif- 
, ferences between the long and middle retinexes provide a very vivid pic- 
ture, while the crossover of the middle record on the blue retinex provides 
some blue as well as green objects, as shown in the experiments above. 

The Absence of Color: Three identical black and white images of a scene 
are prepared. One is placed in one projector; the other two are super- 
imposed in registry and placed in the second projector. The single picture 
is projected with a red filter, the double with a green filter. The “red” 
and “green” images are registered on the screen. What appears to the 
observer is a uniform sepia hue everywhere in the image. Yet there 1s 
a whole family of ratios of energies of red and green radiation: Where 
the slide in the red projector passes one-fifth of the light, the slide in the 
green projector passes one-twenty-fifth; similarly, where the former 
passes one-tenth of the light, the latter passes one-hundredth, etc. [9] 
Classically, there is no explanation of the uniform hue which is observed. 
For retinex theory, however, the solution of the problem is simple: 
A moment’s thought will show that superposing two identical images in the 
green projector has not altered the rank order of lightness as compared 
with the rank order of a single one of the two images. Therefore, there is 
a one-to-one correlation of rank orders between the middle retinex and 
the long retimex, and this should not give a variety of hues. By now it 
should be needless to say that variations in the relative overall bright- 
ness of the projectors does not alter the result. 
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Projection with Two “Narrow Bands” Close Together in Wave Length: 
If a middle record and short record photograph are projected through a 
sequence of interference filters on the two projectors, starting at 550 
and 650 mu and moving in until we reach the mercury yellow and 
sodium yellow lines—only 11 my apart, the colors keep their names but 
become less and less saturated. pno) (That they are still readily distin- 
guishable at 578 and 589 my is dramatized by the reversal of the warm 
and cool colors upon interchanging the filters for the middle and short 
records.) If, as an exercise, we assume that with two bands close to- 
gether in wave length, the short-wave record on the set of long receptors 
contains, for example, half as much energy as the long-wave record “on” 
the same set of receptors, and if we assume similarly that the long-wave 
record ‘‘on” the set of short receptors contains half as much energy as 
the short-wave record on the same set of receptors—then we can com- 
pute the change in relative rank order due to this crossover of spectral 
sensitivity. Picking many sets of rank orders, one finds only small 
changes in relative rank order, so that retinex theory demands that the 
hues stay essentially the same as the two wave lengths approach each 
other. 

The World Seen Through a Filter: We have just described how slides 
taken with wave lengths far apart are seen as colored when viewed with 
wave lengths close together. If, however, the world is viewed through a 
single filter whose pass band is as wide as the separation in wave length 
of the previous two interference filters, then the world will appear 
monochrome. And it is not until the pass band of the single filter has been 
greatly widened. that the world starts showing its gamut of colors. In 
retinex theory this is explained as follows: Because of the slow changes in 
the height of the absorption curves for most objects in the real world, the 
rank order does not change significantly until the pass bands of the 
filters are far apart—and, until then, the same lightness scale will be 
formed on all the retinexes when viewing the world with the filter. If, 
however, the same band pass—divided between two filters—is used to 
view two pictures (of the same subject) which already are markedly dif- 
ferent in rank order, then even the small difference in wave length is, as 
we have seen, adequate to elicit two different rank orders of lightness 
from the retinex system. 

The Coordinates for Color: In previous publications we have described 
our observations by a chart, the coordinate axes of which are log-per- 
centage available short-wave energy and log-percentage available long- 
wave energy (Fig. 5). (11) This coordinate system can still be used with the 
mottle and wedge experiments described above, if we measure the re- 
flectance at each point in our colored object board by comparing the 
reflectance of a piece of white paper with the colored paper at that point 
for each illuminating projector. In effect, this transforms the illumination 
to the equivalent of uniform illumination—the special case when rank 
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order of lightness equals measured rank order of reflectance. The co- 
ordinate system reveals the loci of warms, cools, neutrals, etc., in a 
colored scene. Furthermore, it emphasizes that color is determined by 
physically dimensionless terms. Nevertheless, this applicability of the 
coordinate system should not make us forget the miracle of the eye: 
the capacity to form the lightness scales with non-uniform illumination. 
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Color Constancy in Everyday Life: It is now clear that the changes from 
sky light to sun light or tungsten light- are the kind of changes that 
would produce trivial variations in rank order on each of the retinexes 
and that the handling of color constancy in these situations 1s an easy 
task for the retinex system. 

The Six Eyes of Man: In closing this talk we wish to open another 
subject: Jn stereo vision, images from the separate retinas are cere- 
. brally compared. We find so many similarities between what this system 
will accept and reject and what the retinex system for color in the sepa- 
rate eyes will accept or reject, that it seems to us possible that the retmex 
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system for creating rank order of lightness may also be used as the basis 
for binocular vision. For the sets of “color eyes,” differences in rank order 
of lightness are the source of color; for the stereo eyes, we suggest that 
after the lightness scales have been determined by the retinexes, the 
images are compared for those differences due to the separation of the 
left and right eyes. But all this is for future discussion. 

“Reality” of the Retinexes: While we propose the retinex for its heuris- 
tic value in coordinating a large number of otherwise unconnected and 
inexplicable experimental observations, we must report our own quite 
human reaction that the retinexes have come to seem “‘real’’ to us. There 
is as yet no physiological basis for or against the existence of the ret- 
inex; how could there be until there was need to look for this type of 
integrating mechanism? Naturally, we hope that the contemporary vital 
and brilliant programs in visual neural physiology will bring support to 
our heuristic mechanism. But whether or not this physiologic support 
comes soon, we feel that there cannot be much difference between a 
“mental” reality which predicts a large body of results and a physical 
reality that has the same properties. 
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THE AUSTRALIAN RABBIT 
By JEAN M. INGERSOLL 


RIGINATING in the Mediterranean basin, the European wild rabbit 
Oryctolaqus cuniculus has been introduced to most regions of the 
world, and, for the most part, has fitted into its new environment as a 
domesticated animal, a source of food and clothing for man. However, 
some eras and areas have known it as a pest; the Romans introduced 
the species to the Balearic Islands from Spain, where the rabbits became 
so numerous and did so much damage by undermining buildings that 
the inhabitants sent a deputation to Rome asking for help in ridding 
the islands of them 11). In this century, it has become famous as a pest 
to Australians who thought to provide themselves with an inexpensive, 
readily available food supply but found these advantages offset when the 
rabbit proved to be an uncontrollable competitor for their most valuable 
crops and a despoiler of the land itself. 

The economic costs (and emotional response) of the introduction to 
the Australian continent of this animal species are indicated in a 1928 
report issued by the Department of Agriculture of New South Wales. 
‘.,.no single circumstance in the history of Australia has so profoundly 
affected the economic development of our pastoral and agricultural 
industries as the introduction of the European wild rabbit. The cost of 
the rabbit, even to the State of New South Wales in the forty-five years 
that have elapsed since the animal first began to be reckoned a serious 
pest, is beyond all calculation. Without taking into consideration the 
millions of pounds sterlmg which have been expended in fencing, netting, 
poisoning, fumigating, digging out, and other direct methods of preven- 
tion and destruction, the cost to the country in loss of pastures and their 
deterioration in value, with the consequent loss of output of wool, live- 
stock, and fodder crops certainly runs into many scores of millions of 
pounds [2]. ” 

The first account of rabbits in Australia is a livestock report of 1788 
for the settlement of Port Jackson which listed five rabbits kept as pets 
by their owners. There were several later introductions of rabbits into 
New South Wales, Victoria, Tasmania, and other small islands in the 
Bass Strait, these latter being stocked ‘for the benefit of unfortunate 
voyagers who might be thrown hungry ashore in this locality,” but, 
because of dense bush and mountain barriers, the rabbits of the early 
continental introductions on the east coast of New South Wales appear 
not to have spread inland {s}. It was not until 1859 that the “rabbit 
menace” of Australia developed. Twenty-four wild rabbits were brought 
from Europe and delivered to Mr. Thomas Austin of Barwon Park, 
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near Geelong on the southern coast of Victoria. Mr. Austin released 
thirteen of the rabbits on his estate that year. Three years later they 
were looked on as pests, and six years later Mr. Austin reported that he 
had killed 20,000 rabbits on his estate and believed that there were at 
least 10,000 remaining. . 

From Barwon Park, the rabbits spread quickly over the western 
section of New South Wales, for geological conditions in this region—long 
stretches of sandy soil—were ideal. From their stronghold in western New 
South Wales the rabbits rapidly spread out through the entire state and 
invaded a large part of Queensland, all of Victoria and South Australia, 
considerable areas of Western Australia, and even some areas on the 
north coast. By 1928, the rabbits had spread over nearly two-thirds of 
the Australian continent [4]. Besides finding soil ideal for burrowing and 
a plentiful food supply, an important factor favoring the early rapid in- 
crease in the rabbit population was the absence of several important nat- 
ural enemies [5}. 


Early Control Measures 


In 1880, the rabbit problem was recognized to be beyond the control 
efforts of individual property owners and a series of legislative enact- 
ments followed. The Rabbit Nuisance Act of 1883 empowered the 
government to “enter upon all lands to enforce rabbit destruction,” 
and a bounty program. was instituted. Seven years later, the government 
had paid more than $7,275,000 for rabbit scalps, but the expenditure 
proved to be useless in the fight to control the animal. Other legislative 
acts provided easy repayment terms to “necessitous settlers” for rabbit- 
proof wire netting, again with little effect on the problem te]. Various 
methods of control were attempted, including trapping, poisoning of 
water holes, fumigation and ripping-out of warrens, and the construc- 
tion of miles of fencing, but it was not until the rabbits were innoculated 
with a virus disease, myxomatosis, in 1950, that significant reduction 
of the hordes of wild animals was effected. Unfortunately, the seemingly 
fatal blow to the rabbit population of this disease is now known to have 
been but a temporary setback. 


Present Problem 


Destruction of Vegetation: Rabbits prefer the most succulent plants and 
in pastures attack first the young shoots of the clovers. Their scissor-like 
teeth enable them to nibble the entire plant down to the soil surface, 
and the animals will grub roots out as well. They also kill trees by ring- 
barking them 17}. The result is the creation of acres of barren, erosion- 
inviting prairie and “jumping” sandhills, with consequent loss of grain 
production and pasturage for sheep and cattle. Although there was a 
considerable amount of arid land on the continent before the introduction 
of the rabbit, the animal is charged to a great degree with creating Aus- 
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tralia’s present dust bowl problem [s}. Photographs made with a tele- 
scopic lens showing hundreds of rabbits around a water hole in a sandy 
wasteland illustrate their numbers and the damage done to the land. 
A photograph showing a lush wheat crop growing within a rabbit- 
proof fenced area contrasted with the barren land outside the protected 
enclosure is a striking demonstration of the thoroughness with which 
vegetation 1s destroyed by the animals as well as of the usefulness of 
effective fencing. 

Loss of Income from Livestock: In 1958, the Minister in charge of the 
Commonwealth Scientific and Industrial Research Organization (C.8.- 
I.R.O.) estimated that there are between 500 million and 1,000 million 
adult rabbits in Australia in an average year over an area of about 
1,000,000 square miles, with the density varying between small numbers 
that make them something of a local curiosity to “being so thick that you 
have to kick them out of your way” [9]. Based on the assumption that 
seven or eight rabbits eat about the same amount of pasturage as one 
sheep, it was estimated that if there were no rabbits in Australia the 
land could support an additional 100 million sheep, or the equivalent in 
cattle, and the increased income to Australian economy from wool and 
beef would amount to about $896 million a year. Rabbit skins and meat 
are also exported, the income from them amounting to $13 million in 
1953, but such an insignificant sum is counted as token salvage from 
heavy losses in land, livestock, and agricultural products t10}. 


Natural History 


Belonging to the order Rodentia, the rabbit is of the same family as the 
hare but is distinguished from it by its smaller size, shorter ears and 
feet, by the facts that the young are born naked and blind and that it 
lives in burrows undergound. Members of the family Leporidae native 
to North and South America are hares, not rabbits, and dig but little 
[11]. Oryctolaqus cuniculus has been imported from Europe to the Americas 
for use in laboratory experiments, and it was from diseased laboratory 
rabbits in South America that the deadly virus used in biological control 
of the Australian rabbit was first recovered. 

In favorable circumstances a doe will breed at four months and will 
have six litters a year, averaging six kittens to the litter. Within twelve 
days the young rabbits leave the nest to feed outside the burrow, and, 
at the age of three weeks, are Independent of the mother. Computations 
have been made, based on average-sized litters (and assuming, of course, 
that all progeny live and reproduce in the stated time period), resulting 
in a theoretical total in three years of 13,715,000 offspring from a single 
pair of rabbits [12]. Mortality of the young is estimated to be about 80 
per cent, and the average life span of the adult is one year [13]. Fe. > 

The rabbit has adapted to varying environmental conditions in 
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Australia; when driven from pasture land and the vegetation it prefers, 
it retreats to timbered and rocky hill country until the population builds 
up such numbers that it is forced to reinvade open country [14]. 


Biological Control Measures 


Natural Enemies: The absence in Australia of important natural 
enemies of the rabbit, the mongooses, stoats, and weasels, is one ecological 
factor accounting for the wildfire spread of the rabbit over the continent. 
Introduction of these and other predators to Australia has often been 
suggested but is opposed on the grounds that the danger of their preying 
on useful wildlife and domestic poultry is a more likely result than 
successful control of the rabbit; introduced foxes and dogs allowed to 
run wild were expected to subsist on rabbits, but they have caused 
enormous losses among new-born lambs and ground-nesting wild fowl 
and have not brought about a significant decrease in the rabbit popula- 
tion. Some natural control is exercised by the dingo and certain native 
cats (Dasyures) among the mammals, and by the eagle hawk [15]. 

Disease: Disease has long been recognized as an important factor in 
reducing the rabbit population. Early investigations found several 
principal disorders —the Bladder Worm, causing rabbit hydatids, Cocci- 
diosis, a parasitic disease, and a disease caused by a microorganism 
known as the “yalgogrin microbe t61.” Although these organisms caused 
periodic epidemics, recovery of the rabbit population was always rapid. 

In 1887, the New South Wales Government offered $121,250 reward 
for the demonstration of an effective method of exterminating rabbits. 
In Europe, Pasteur had spread a culture of chicken cholera bacteria 
around the burrows of rabbits on the estate of Mme Pommery, owner of 
the famous champagne firm; within a fortnight all the rabbits were 
dead. Interested in the Australian problem, Pasteur sent an assistant 
to New South Wales to attempt distribution of chicken cholera bacteria, 
but the government decided against introduction of the disease because 
of its pathogenicity. for domestic fowl and other animals [17]. 

A bacteriologist, G. Sanarelli, working in Uruguay, in 1898 recovered 
a virus from diseased laboratory rabbits which he named infectious 
myxomatosis. In 1927, Professor H. B. Aragao of Brazil suggested that 
the virus might be used for the destruction of rabbits in Australia, but it 
was not until field trials and laboratory experiments in England and 
Australia had established that the virus combined a high mortality rate 
for rabbits with a high degree of host specificity, so that other valuable 
species of animals would be unaffected, that a serious attempt to intro- 
duce the disease to Australia was made. In 1950 and 1951 rabbits were 
innoculated with the virus in several areas of the States of South Aus- 
tralia, Victoria, and New South Wales. From these foci the disease 
spread rapidly by direct contact and by mosquito and flea vectors; the 
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resulting epizootic killed rabbits by the millions. Mortality is estimated 
to have been from 80-90 per cent of the rabbit population. By 1953, it 
was thought that the rabbit menace had been virtually eliminated [18). 
Now, however, the period of large-scale epizootic reduction of the rabbit 
infestation of the early 1950’s is viewed as an invaluable breathing space 
rather than the end of the problem, and the subsequent low level of 
infestation is accounted for by a combination of factors, not the virulence 
of myxomatosis alone. Unfavorable weather for breeding is considered 
by an official of the C.S.I.R.O. to be as much responsible for the low 
numbers of rabbits in the period 1953-59 as myxomatosis [19]. 

Decreased efficacy of the virus after the dramatic decimation of the 
rabbits in 1950-51 is attributable to familiar biological interactions of 
disease-producing organism and host—usually an eventual equilibrium 
is reached so that both continue to survive. There has been an increase 
in the number of rabbits in the past few years, and it is believed that the 
population is building up from individuals that have acquired immunity 
to myxomatosis. In some districts this development of Immunity has 
caused a fall in the death rate over a period of seven years of from 90 
to 25 per cent. Recent research has shown that genetic changes in the 
virus itself have resulted in the evolution of strains considerably less 
virulent to rabbits t20]. 


Mechanical Control Measures 


Fencing: By 1901, the rabbit was beginning to invade wheat farming 
regions in the West despite the desert of Nullarbor Plains, which until 
then had been considered a natural barrier between West Australia 
and the infested States to the east. Work was begun by the State of West 
Australia on what is perhaps the longest unbroken fence in the world. 
The fence was started at a point on the southern coast, but while con- 
struction was going on rabbits were found to have already gone past the 
intended barrier to the north, and a second fence, 75 miles west of the 
first, was started at the break-through point, with construction going 
north and south stmultaneously. This fence was brought to the sea at 
the southwest. coast, and another section added from the north end, 
- reaching the sea on the west coast. The western wheat belt was thus 
enclosed by more than 2000 miles of fencing, which cost over $1,000,000. 
The fence was maintained in the early years by camel-mounted patrol 
officers, each being responsible for about a hundred miles of fencing {21). 
In the late 1950’s, it was decided that the 500-mile northern section of 
the fence was no longer needed, but the western and southern fences 
(about 1522 miles) are still maintained [22]. While the fence has not pre- 
vented the rabbit from entering West Australia to become a serious pest 
in some areas, it has apparently helped considerably in keeping the 
numbers low and has been a noticeable check to the great waves of 
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migrating rabbits in seasons when the animal found conditions unfavor- 
able in the eastern states {231. 

This kind of large-scale fence building is not likely to be repeated; 
most authorities believe netting in (wire-mesh fencing) of individual 
holdings together with cooperative efforts by the government ta control 
the rabbit on public lands is more economical and more effective. 

Destruction of Harbourage: Eliminating rabbit harbourage, both surface 
and underground, is often effective in ridding areas of rabbits. Hollow 
logs, piles of debris, and heavy undergrowth, which may provide homes 
for the rabbits on the surface, are destroyed. Underground burrows 
are ripped open by pick and shovel, or by tractor where the infestation 
is extensive. Dogs are used to locate warrens and to drive the rabbits 
into their burrows where they can be sealed in and killed by fumigation. 

Trapping: Various kinds of traps have been used against the rabbit, 
among them steel spring traps, wire netting traps at the mouth of the 
burrows, pit traps, and water traps—sometimes containing poisoned 
water. These latter are said to be especially effective when migrating 
rabbits are moving in “waves,” and have been used chiefly in the far 
west, and in drought time. When rabbits were moving from west to east 
during a drought in 1906, it was reported by the manager of a ranch at 
Boorooma that as many as 100,000 per night were destroyed by this 
means [24]. 

Rabbit Drives: Community rabbit drives have been employed, with the 
animals set into panic by the barking of dogs, cracking of whips, shout- 
ing, and beating of tin pans until thousands of rabbits jomed the stam- 
pede and were driven into fenced killing yards. They were looked on as a 
method for the most part useful only at the beginning of a determined 
program for eradication that would utilize procedures of greater efficacy, 
such as continual destruction of harbourage and chemical controls. 

With the recognition that control of the rabbit by myxomatosis is 
decreasing and that “they will never see the end of the rabbit,” officials 
are trying to gain the cooperation of individual landowners in the resump- 
tion of some of these older methods of mechanical control—‘‘digging 
and dogging,” and the placing of steel traps. 

Chemical: Phosphorus, strychnine, and arsenic have been used in baits 
and in poisoning water holes to destroy millions of the rodents in Aus- 
tralia, but unfortunately not only rabbits but considerable numbers of 
other wildlife and livestock have been killed by this method. 

Fumigation of warrens was one of the first control methods used, 
usually with carbon bisulphide, calcium cyanide, or carbon monoxide. 
Calcium cyanide is more effective than carbon bisulfide, more economical 
than carbon monoxide to distribute, and is much less dangerous to 
handle than strychnine or arsenic. In flake or dust form it is blown by 
machine into rabbit burrows, which are then sealed off. On exposure to 
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air the calcium cyanide releases hydrocyanic acid gas which coats the 
walls of the warren and remains lethal for a number of hours. 

New poisons, and new techniques for effective distribution of them 
based on ecological studies of the rabbit, have recently been developed. 
Experiments with ‘‘1080” (sodium fluoracetate) in the past year indicate 
that this poison, properly used, achieves a 98 per cent kill, and a pro- 
gram for training rabbit control inspectors in the use of 1080 is being 
developed [25). Fluoroleic acid, alleged to be the active ingredient in 
ground-up seeds of Dichapetalum toxicarium, is a humane poison causing 
death after a single heart attack, but use of it is limited because it is ` 
also very toxic to sheep [26]. A private concern has reported the develop- 
ment in the past year of a new technique of fumigation, using carbon 
monoxide and a foaming agent pumped into warrens under pressure. 
The foam remains stable up to three days and leaves a tacky residue 
which discourages recolonization of the burrow. The cost is said to be the 
same as conventional poisoning and fumigation methods with no atten- 
dant danger to humans or livestock [27]. 


Outlook 


Educational and research emphasis by authorities responsible for 
control of the rabbit, still rated as the most serious of pests in Australia, 
is on the need to capitalize on the reduction of the rabbit population 
caused by myxomatosis in the past decade in order to keep the popula- 
tion at its present relatively low level. An intensive program combining ‘ 
old methods of digging and fumigation and the use of chemicals, princi- 
pally the poison 1080, is considered essential if the rabbit menace is to 
be prevented from recurring in pre-1951 dimensions. Ecological studies 
now in progress are expected to be of value to control programs utilizing 
combinations of biological, chemical, and mechanical methods by con- 
tributing information on fluctuations in populations, reproduction rate, 
infestation with parasites, social behavior, and adaptability to different 
habitats. Such studies have already been useful in poisoning campaigns 
taking advantage of territorialism in rabbit behavior, so that poison 
bait is placed where it is most likely to be taken by the animal. 

The control program outlined above depends for its success on the con- 
sistent cooperation of individuals and government agencies; and the 
continued effectiveness of myxomatosis. Two possible ways to augment 
the mortality of rabbits from this disease and to overcome the factor of 
developed immunity have been suggested: successive widespread reintro- 
ductions of the fully virulent virus form which would kill rabbits that 
have not developed immunity, and the isolation of a mutant of the virus 
which would be unaffected by the presence of antibodies to the original 
virulent form, thus producing fatalities in “immune” rabbits [28]. 

It is recognized today that eradication from Australia of this intro- 
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duced pest may not be possible, and at the present time the outcome of 
attempts to control it is unpredictable. However, successful control of 
the European wild rabbit is essential to Australia not only for the imme- 
diate economic advantages of maintaining good quality pasturage for 
livestock and the protection of agricultural crops, but for conservation 
of the land itself. Flood control and recovery of eroded land for agricul- 
ture require the cultivation of soil-holding vegetation. Rabbits have 
destroyed such vegetation over large areas of Australia. Fully effective 
countermeasures to the rabbit “plague” will serve both the short-term 
purpose of increased income from the land and the long-term one of soil 
conservation. 
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PERSPECTIVES 


* SCIENCE IN RUSSIAN CULTURE 
> By JAMES H. BILLINGTON 


HE ROLE of science in Russian culture is one of the most fascinating 
“Lexa important subjects in the disturbed history of that country. 
The accomplishments of Russian science helped change the world 
balance of power in the fifties. The attitudes of Russia’s scientifically- 
educated elite will, in the sixties, help determime the future of Russia— 
and of a Communist world very much in ferment. 

It is disappointing, therefore, that there should be sò little written on 
the development of Russian science. Russian historians moved from 
general neglect of scientific developments in the pre-revolutionary period 
to chauvinistic hagiography of early Russian accomplishments during the 
Soviet period. Western students of the USSR have also oscillated be- 
tween the belief current in the high Stalin era that science was dying 
out to the uneasy fear in the space age that science may be flowering in 
Russia as in no other country. One is left with the disquieting feeling 
that what was undervalued before is overvalued now. Despite the 
balanced expositions offered by articulate American scientists of Russian 
extraction such as John Turkevich, even informed Americans tend to be 
bewildered by the spectacle of a nation backward in so many respects 
suddenly attaining such spectacular accomplishments m sophisticated 
fields of scierice and technology. 

Part of the problem lies in the cultural and linguistic provincialism 
of Western scientists and historians of science. Only in the 1930’s did the 
English-speaking world become aware of the unique, 50-year-old Russian 
tradition of soil studies which is designated by the untranslatable term 
pochvovedenie. This science revolutionized soil study by turnmg attention 
away from purely geological factors to the many-sided dynamics of soil 
formation; and has had important practical results in a whole range of 
areas (such as permafrost research) in which the Soviet Union enjoys 
world renown. Only now, in the wake of Soviet space accomplishments, 
is the Western world becoming aware of the remarkable late 19th cen- 
tury work on rocket propulsion (of both a theoretical and experi- 
mental nature) done by Constantine Tsiolkovsky. 

Even when such accomplishments are recognized—and when one 
admits to the pantheon of world science such men as Lomonosov (the 
18th century father of physical chemistry), Lobachevsky (the 
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early 19th century expositor of non-Kuclidean geometry), and 
Mendeleev (the codifier of the periodic table)—one is still left with the 
feeling that these were brilliant exceptions to a prevailing rule of super- 
stition and sloth. 

The publication of the first of a promised two-volume history, Sczence 
in Russian Culture (Stanford, 1963) by a California sociologist, Alexan- 
der Vucinich, adds to the picture by carefully chronicling the institutional 
structure through which Western-type scientific activity developed in 
Russia up to 1860. One is reminded that the Russian Academy of 
Sciences was founded in 1725, only about a half century after those of 
_ England and France; that prominent figures from the newly-founded 
Berlin Academy helped draw up the plans; and that the most prominent 
of all, Leonard Euler, was attracted to Petersburg for the last and most 
productive seventeen years of his life. One is also reminded that, by the 
1830’s, Russia possessed the best equipped astronomical observatory in 
the world at Pulkovo near Petersburg and a vigorous astronomical 
tradition (taken over from the Baltic German principalities, which 
already had a strong tradition in the mid-17th century, when the ob- 
servatory at Danzig was the best equipped in the world). 

Vucinich’s rich inventory of personalities and his enormous bibliog- 
raphy on the history of Russian science adds, however, more to informa- 
tion than to understanding. He confines himself largely to a sociological 
description of how the scientific attitude grew and was integrated into 
Russian culture. The casual reader may be left with the conclusion which 
is to some extent already implicit in such an approach: That science was 
growing and being integrated gradually and peacefully —just a bit tardily 
by Western standards. : 

The fact remains, however, that scientific activity prior to the mid- 
19th century was that of an essentially foreign tradition groping 
for roots in unfriendly soil. Indeed, the evidence which Vucinich con- 
scientiously presents supports the very conclusion which he found 
“hard to accept” in the preface: That prior to the last century science 
was “a rationalist aberration operating on the fringes of Russian cul- 
ture.” To deepen understanding of the “cultural integration of science”’ 
one must consider the peculiar nature of native Russian culture and of the 
philosophical path through which scientific thought reached Russia. 
Vueinich’s intellectually provincial (and ultimately unscientific) dis- 
missal of most native Russian thought as a formless sea of “mysticism” 
and “‘irrationalist (sic) metaphysics’? must be overcome—if only to 
answer two searching questions which the author himself poses in his 
preface: (1) How can one explain in such a land the remarkable scientific 
accomplishments of the last 150 years? and (2) How, moreover, can one 
explain the wholesale acceptance of Marxist scientism, “the reductio ad 
absurdum of rationalism” as the basis for an entire culture? 
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1. Why the sudden flowering? An abrupt flurry of scientific and techno- 

logical accomplishment does not, of course, necessarily require a long 
preparatory build-up—as the experience of modern Japan and other 
rapidly developing nations has recently shown. Since, however, Russia 
was exposed to the West over a long period of time and experienced a 
gradual build-up prior to the “take-off” of the 19th century, one 
cannot speak of the stimulative shock of sudden contact with a new mode 
of thought. Rather one must consider the role of traditions other than 
those of the Westward-looking, German-dominated academies and 
universities. 
_ Long before the belated appearance of these formal institutions of 
learning in the 18th century, the word “science” (nauka) was 
widely used—generally in the sense of “skilled technique” rather than - 
theoretical knowledge. Derived from the word nauchai, (to teach), this 
“science”? of early modern Russia was an impressive body of practical 
skills transmitted orally and designed to serve the purposes of a given 
body of craftsmen. By the end of the 16th century, Russia had built 
the largest bell and the largest cannon in the world without any apparent 
understanding of the principles involved. Some of the most elaborate 
machinery in the 17th century world was operated and serviced 
in Russia (such as the giant Kremlin clock with a rotating face). Some 
of the mechanical devices apparently in use throughout this period in 
the distant northern monastery of Solovetsk reveal technological skills 
quite equal to anything in the contemporary West. Yet not even music 
was systematically transcribed until the late 17th century. Only in the 
richly-documented history of early Russian medicine does one find a 
continuing written literature of some interest from Nicholas of Lübeck 
in the late 15th century to Tveritmov in the early 18th. 

In the hght of this tradition, Peter the Great’s effort to produce 
“science by decree”? seems somewhat less revolutionary than historians 
of science may be inclined to assume. For Peter was concerned solely 
with science in the old sense of technological skill. Indeed, the main 
scientific accomplishments in 18th century Russia came in the - 
response of visiting foreigners to more difficult technological questions. 
The problems of mapping and surveying the empire led to the more 
sophisticated expeditions of Pallas and the development of geodesic 
and ethnographic research in which Russians still excel; and the prob- 
lems of efficiently moving and arranging troops led to some of Euler’s 
most important mathematical mnovations. 

This tradition of an essentially practical sclence—one which asked no 
more questions of the material world than were needed to deal with the 
concrete concerns of the moment—seemed to many Russian thinkers in 
the past century a source of great native strength. Shchapov, one of the 
best early students of Russian intellectual development, predicted in the 
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1860’s that as the long-neglected theoretical side of Russian science 
develops, it will not divorce itself from concern for practical applications 
as in the west. In Russia, he insisted: 

. science and life, knowledge and labor, practice and theory will go hand in hand. 
Science will not be abstracted from life, but a vital guiding force . . . thé scientif- 
ically-working intellectual class will not be a high a guild, a minority cut off from the 


people, but an eee s intelligentsia . . . a thinking and working head for the 
social organism . . 


Here we see already a utopian and at the same time authoritarian view 
of the role of science which anticipates that of official Soviet ideologists 
and leads naturally to Vucinich’s second question: 

2. Why Marxist scientism? One cannot beg this question by answering 
that it just happened to be the outlook of Lenin, for the prior question 
remains: How did Lenin’s ideas happen to strike such a responsive chord 
in so many Russian imaginations durmg the chaotic years of revolution 
and civil war? Nor will the details of increasing scientific activity in 
themselves explain anything, for seientism relates to the world of com- 
mitment and belief rather than that of hypothesis and experiment. 

One simply cannot escape the basic fact that culture in Russia was 
dominated by religion for a deeper and longer period of time than in the 
West, and by a form of Christianity that was—compared to that of the 
West—both more ornately majestic in worship and more profoundly 
anti-rational in dogma. Not only Shchapov and Chernyshevsky in the 
19th century, but Stalin and Molotov in the 20th were ex-seminarians. 
The radical tradition of the late imperial period grew up with a faith 
in what science could do in society that was unaccompanied by any 
first-hand experience of what scientists actually did in laboratories. 
Thus, at the simplest level, the sudden adoption of Marxist scientism as 
the basis for an entire culture represents simply the extension to society 
of what the pessimistic late 19th century religious thinker, Vladimir 
Solov’ev, referred to as the “exchange of catechisms” by the intellec- 
tuals. 

However, this revolutionary transition from ritualistic theology to 
rationalistic scientism also has interesting origins in the unsettling 
confrontations with Western modes of thought during the early modern 
period. The Latinized scholasticism that largely replaced traditional 
Orthodox thought in the theological academies of the 18th century 
was not simply a hindrance to scientific development, but an important 
factor in conditioning the Russian aristocracy to thmk in abstract, 
universal terms. 

Even more fateful was the influx of German pietism which dominated 
the thinking of Alexander I and of most of the numerous higher educa- 
tional institutions founded during his reign. Anti-scholastic pietists 
helped lay the basis for a genuine scientific tradition in the Russian 
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academies and universities somewhat as the Franciscan revolt against 
Aristotelianism can be said to have done in the early life of universities 
in the West. Like the Franciscans, the pietists mixed in with their science 
a kind of pantheistic mysticism which fitted in with a strong tradition of 
occult thought. 

The earliest Russian diplomats in the late 15th century tended to 
look not so much for detailed political or technical information about the 
west, but rather for the alchemistic or astrological texts which would - 
somehow explain to the tsar the “secret” of the West. The famed “Juda- 
izing heresy” within the Russian court at the end of the century was 
propagated by Russian diplomats recently returned from the West, 
by foreign doctors resident in Russia, and possibly also by Jewish 
kabbalists. Emissaries of Boris Godunov tried to get the Cambridge 
spiritualist and mathematician, John Dee, to set up a school in’ 
Russia at the beginning of the 17th century; and nowhere did the 
cosmic theosophy of Jacob Boehme find a greater reception than in Russia. - 

Thus, against the extremely anti-rational, historical theology of 
Russian Orthodoxy, there grew up a rival—albeit suppressed and 
persecuted—tradition of anti-historical rationalism in early modern 
- Russia. Anti-trinitarian Socinianism was, after all, a Polish movement 
that found its deepest roots in White Russian regions gradually in- 
corporated into the Romanov empire. From the time of the church 
council of 1553 condemning White Russian heretics under Ivan the 
Terrible, northern monasteries became prisons for ideological dissenters. 
The Russian prince, Khvorostinin, was incarcerated for converting to 
Socinianism during the Time of Troubles; and a relative of Abraham 
Palitsyn (the monastic leader of the nationalist-Orthodox revival of the 
17th century) became one of the first of the long lme of ideological 
dissenters to be sent to Siberia for his rationalistic beliefs. 

Faced with such tribulations, Russian rationalism (unlike that of the 
West) tended to assume the form of a fanatical religion—rather like the 
one which persecuted it. The path to Marxist scientism was prepared 
by the successive infatuation of 19th century Russian intellectuals with 
Schelling, Hegel, and Comte—all figures offermg an all-encompassing 
philosophy which encouraged rational science and at the same time 
sought to provide a systematic philosophy of history to displace the 
discredited one of Russian Orthodoxy. It seems appropriate—and_per- 
haps prophetic—that the packet of books sent to Russian missionaries in 
China in 1734 should include a volume of Newton, and that the book 
should be not the Principia but the Chronology of Ancient Kingdoms 
Amended. 

Russian science tended to be Gnostic rather than agnostic as in 
France and England. Failure to appreciate this important philosophic 
fact leads most students of Russian thought to misrepresent drastically a 
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figure like Nicholas Novikov, the most important single propagator and 
popularizer of knowledge in the late 18th century. His “mysticism,” 
far from being an irrelevant psychological aberration, provided the very 
basis for his intoxicating faith in science. Science was for him absolute 
knowledge of the inner secrets of the universe—rather in the Neo*Platonic 
tradition of the high renaissance. He was a passionate convert to 
Rosicrucianism, and viewed his popularization of scientific, knowledge 
as a necessary prerequisite for the higher pursuits of full knowledge and 
moral perfection. He introduced the word sientifichesku into Russian to 
describe the secret circle of intellectual leaders to which these pursuits 
should be confined. Although this word never replaced the term nauchnyt 
in ordinary Russian speech, much of its occult significance was trans- 
ferred to the concept of “science” in the late imperial period. 

With the spread of enlightenment by the followers of Novikov and the 
establishment of a university system dominated by German idealistic 
philosophy, the way was prepared in the early 19th century for some 
strikingly original theories ranging from Lobachevsky’s prophetic, 
non-Euclidean geometry to Odoevsky’s fantastic ‘theosophic physics.” 
The ferocious materialism and physiological determinism of the Sech- 
enov-Pavlov school, which has provided much of the basis for Soviet 
science and scientism, was both a reaction to the idealistic science of the 
first half of the century and a logical outgrowth of it. For it was but a 
short step from the intoxicating assertion that God was everywhere in 
general to the liberating discovery that He was nowhere in particular. 

Thus, there appear to be historical roots for some of the perplexing 
present-day facts about the “cultural integration of science” in the 
USSR. The desire to make science a religion if religion was to be over- 
thrown was present in the earliest Muscovite heresies. The desire for 
concrete and imposing technological results is constant from the success- 
ful effort m the 16th century to “overtake and surpass the West” in 
artillery. The dependence of Russian science on stimulus from abroad 
(and from partly assimilated Jews and Germans within) has traditionally 
been of great importance, and is contributing now to the pressures for 
greater foreign contact and inner freedom which are such an important 
part of the ideological ferment in the USSR today. 

Those aware of this latter tradition are not likely to be so surprised 
that the unprecedented growth of scientific and technical education in 
the USSR—far from producing a generation of technological zombies— 
seems rather to be infecting Soviet society as a whole with a kind of 
creeping pragmatism. 

Indeed, some of the Russian scientists of the past like Lomonosov 
and Mendeleev had a sensible and constructive interest in social ques- 
tions and a profound, yet practical, concern for broadening the range of 
free inquiry. It may not be too much to hope that this tradition will yet 


280 AMERICAN SCIENTIST 


prevail; and that the catechistic scientism of Marxism-Leninism will yet 
be swept aside by those like the lonely inventor in Dudintsev’s Not by 
Bread Alone, who affirms that “Once a man has started to think, he 


cannot indefinitely be denied his freedom.” = 7: =. 
47 
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GRANTS-IN-AID OF RESEARCH for 1964 


The report of the committee on Grants-in-Aid of Re- 
search as presented at the 64th Annual Convention. of the 
Society of the Sigma Xi (pages 26A-28A March issue of the 
AMERICAN SCIENTIST) gave some indication of the magnitude 
of requests for assistance being placed upon the committee. 
At the March meeting of the Executive Committee, the 
funds available for awards in 1964 were increased from 
$80,000 to an all-time record high of $100,000, but even 
this effort will fall far short of meeting deserving requests 
for aid. 

At the first meeting of the year which considered some 
93 requests, 71 awards totaling approximately $41,000 were 
made. This amount represented 53% of that requested by 
those applications acted upon. 

At the second meeting 130 requests were reviewed by the 
committee. Of these 96 were approved for awards totaling 
approximately $47,000, which amount was 45% of the total 
requested. 

As this issue of the American Scientist goes to press, 146 
applications are awaiting action by the committee at its 
third and final meeting of the year. These requests are for a 
total of $144,000 and there is but $12,000 remaining of the 
funds allocated for awards for Grants-in-Aid of Research for 
1964. 

Dr. Harlow Shapley, chairman of the Grants-in-Aid of 
Research Committee, has stated that it is his intention at 
the coming meeting to process the applications in order of 
the date of receipt. When the funds have been exhausted 
those whose application cannot be acted upon will be in- 
vited to withdraw their application or to request that they 
be considered at the first meeting for 1965. 

The committee regrets very much its inability to satisfy 
at least in some part those applications which could qualify 
for aid if funds were at hand. It is hoped that the Society 
can continue to increase its aid for the encouragement of 
scientific research and that in 1965 funds to make this pos- 
sible may be obtained. 
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He is telling the man that a set of 11 microfilm maga- 
zines like the one in his hand and the one he has in- 
serted in the top of the reader holds the 21,000 in- 
frared absorption spectra that at least one publisher 
now sells in microfilm form. Other magazines (or roils, 
aperture cards, film jackets, microfiches—all of which 
are compatible} will supplement this basic library with 
the man's own spectra. When matching “fingerprints” 
or when deducing the structure of a new compound by 
comparison with related ones, the larger the library 
the easier the task, provided the indexing system is 
good. When it yields a desired number, the man wil! 
insert the proper magazine and let the microfilm race 
until the code lines on the film, seen against the scale 
alongside the screen, find their mark. On the screen 
appears the desired spectrum. The piece of paper is a 
“hard” copy thereof, such as emerges from the slot in 
the base at a touch of that button he is pressing. No- 
body gets a chance to ruin the integrity of the file. 


orderly rummaging... 
decent-sized color prints in 8 minutes 


l-r for i-r’s sake 


Consider a man who holds down a job deter- 
mining the identity of unknown substances. On 
his income tax return he has wsitten “chemist.” 
His family thinks of him holding a test tube up 
to the light and scowling at it. Actually, a far 
more typical working pos¢ would show him 
rummaging through heaps of long strips of 
paper as he searches for an i-r absorption spec- 
trum that some pinhead has misplaced. In 
moments of agonizing self-appraisal he knows 
that the way analytical chemistry is practiced 
today, a more orderly approach to information 
storage and retrieval may earn several times as 
many points as the ability to name from mem- 
ory nine ways to test for urea. 

Expertise on the i-r (information-retrieval, 
that is} problems of the modern analytical lab- 
oratory can hardly be expected to come from 
within. Recordak Corporation, 770 Broadway, 
New York City 10003, a subsidiary of Eastman 
Kodak Company, can hardly wait to send’a 
representative who is well aware that every lab 
has to work differently, that some will have us 
do their microfilming for them, that some will 
want to lease the right kind of microfilmer and 
do it themselves, that some generate enough 
spectra to justify buying their own microfilmer, 
etc., etc. 





A place for art and a place for hot water 


Since just about any laboratory that ever undertakes photo- 
micrography, metallography, or makes any other use of decent- 
sized color photographic prints would be embarrassed to have 
to explain undue delay in acquiring at least one of these devices, 
we had better explain what it does. 

It converts a sheet of KODAK EKTACOLOR Professional Paper 
into an 11” x 14” color print in less than 8 minutes after leaving 
the enlarging easel. Using well under a dollar’s worth of proc- 
essing chemicals. And an operator who perhaps learned only 
the same morning of his interest in darkroom artistry. Who 
proceeds to deliver even and more reproducible results than can 
be expected from many high-rent square yards of workspace 
occupied by big trays. Because the drum spins at 200 ft/min. : : 
Whipping a homogeneous film of fresh solution over the print. : aas 
Which is held stationary by the nylon net blanket. Pictured here rolled up as furnished. Along with 
the thermometer. For checking the hot water. That flows into the drum to keep it at 100°F. So that 
only 214 minutes suffices for development. Followed by a tilt of the tray to dump the 4 ounces of 
developer. And 4-oz. chasers of each of the four other solutions. Punctuated by shots of plain water. 
With full roomlight permissible for 414 of the 8 minutes. And that’s about all there is to the perfect 
processing of an 11” x 14”, 8” x 10”, or pair of 4” x 5” color prints. When enjoying the freedom of 
choice in number and size of prints that the color-negative method leaves open to you. 
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Camera shops all across the country are asking less than $200 for this Kopak Rapid Color Processor, Model 11. No, a 
digit has not been dropped through typographical errar, but the price is subject to change without notice. 


This is another advertisement where Eastman Kodak Company probes at random for mutual 
interests and occasionally a little revenue from those whose work has something to do with science 
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The Collected Papers of Lord Rutherford 
of Nelson, Vol. II, Manchester; Sir 
JAMES CHADWICK, Science Direc- 
tor; 590 pages; $17.25; John Wiley & 
Sons, 1963. 


On February 24, 1964, there appeared 
in “PHYSICAL REVIEW LETTERS” A re- 
port on the discovery of a new hy- 
peron signed by no less than thirty-three 
physicists. Nothing could be in greater 
contrast with the papers written by 
Rutherford during his tenure of the 
Professorship of Physics at Manchester 
between 1907 and 1919. It would be a 
rewarding experience for every present- 
day student of physics to read these ac- 
counts of the experiments on which all 
of our later ones depend. In fact, the 
whole history of the application of 
quantum theory to atomic structure 
through spectroscopy, the quantum 
mechanics, and nuclear theory stem 
from Rutherford’s work in this period. 

He had decided earlier, it can be sur- 
mised, that the a-particle was a helium 
atom with two positive charges, but 
that belief had to be proved experi- 
mentally beyond the shadow of a doubt. 
So we find a considerable number of 
papers gradually making more and 
more certain of its nature, culminating 
in the experiment of Rutherford and 
Royds in which the a-particles were 
allowed to pass through very thin 
glass, to be collected and to exhibit the 
spectrum of helium. 

The two most important results of 
Rutherford’s researches were announced 
early in the period and very late, and 
both resulted from the scattering of a- 
particles by matter. The experiments 
on scattering of X-rays by heavy ele- 
ments led to the conception of the nu- 
clear atom, and the scattering by light 
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elements revealed the existence of disin- 
tegration by a-particle bombardment. 
Both required the insight of a great 
physicist. 

The physical means available to 
Rutherford and his students were very 
meagre, but they were supplemented by 
the most extraordinary ingenuity and 
finesse in the designing of the experi- 
ments. Throughout these papers one 
can see Rutherford’s personal delight 
in his work. Quoting Professor 
Feather’s INTRODUCTION to this book: 
“At the end of a long day he could say, 
simply, to a young colleague: ‘Robinson, 
I’m sorry for those fellows who haven’t 
got a laboratory to work in.’— 
A. G. Shenstone 


The Rat: A Study of Behaviour by S. A. 
BARNETT; 288 pages; $7.95; Aldine 
Publishing Co., 1963. 


The new science of animal behavior 
has had a rather unique genesis in that 
it was created by the recombination of 
parts of several older disciplines. The 
two principal contributors have been 
(1) American psychologists rigorously 
schooled in the experimental techniques 
necessary for the study of learning and 
motivation in mammals, and (2) Euro- 
pean ethologists whose painstaking nat- 
uralistic observations are generally 
concerned with species-specific behavior 
patterns in submammalian vertebrates 
and invertebrates. After a period of 
sometimes vitriolic disagreement, the 
two groups have reached a happy truce 
in which the efforts of both are con- 
sidered complementary and necessary 
for a complete understanding of the be- 
havior of animals. For this reason a 
book written by an ethologist about 
the psychologists’ favorite subject, the 
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rat, will be eagerly welcomed by both. 
Unfortunately, The Rat, in general, 
does not meet expectations. 


The early part of the book reviews 
the ecology, sociology, and fixed action 
patterns of the laboratory rat and its 
wild “cousin,” Rattus norvegicus, with 
interesting comparisons to another wild 
species, Rattus rattus. The last half of 
the book ig concerned with learning, 
motivation, and brain function. This 
section will perhaps prove valuable in 
introducing ethologists to the experimen- 
tation and theorizing of psychologists. 


Throughout the book the author 
places stress on the precise definition of 
terms and new definitions are frequently 
given for old terms, ostensibly to in- 
crease their precision. If the former pro- 
cedure had been done with consistency, 
and the latter had resulted in uniformly 
better definitions, a real contribution 
might have been made. Unfortunately, 
the book fails on both counts. For ex- 
ample, three definitions are given for 
“ethology.” In the preface ethology is 
“the study of behaviour’; on page 4, 
“the scientific study of behaviour”; and 
in the glossary, ‘‘the scientific study of 
animal behaviour.” The only obvious 
consistency here is in the British spell- 
ing. An example of a change in the 
meaning of an older term which results 
in loss of precision is the statement 
that “trial and error behaviour . . . is 
equivalent to, or includes, ... ‘operant 
conditioning’ and ‘instrumental condi- 
tioning’... Operant behavior is most 
frequently “shaped” by the experi- 
menter; quite a different process from 
an animal in a maze or a puzzle-box. 
Also, the glossary would have one ac- 
cept the fact that “internal inhibition” 
is a synonym for “extinction” defined as 
a ‘“‘decline in performance. .... ” Such 
confusions do not serve to further the 
science of animal behavior. 


On the positive side, the author has 
refrained from the use of such terms as 
“innate” or “instinctive.” There may 
also be merit in dropping the terms 
“critical period” and “species-specific” 
in favor of “sensitive period” and 
“snecies-characteristic.”’ The latter terms 
are more accurate and better describe 
the phenomena to which they refer. 
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In sum, although Professor Barnett 
has made many significant contributions 
to the study of animal behavior, The 
Rat cannot be considered one of them.— 
Thomas £E. McGhil 


Methods in Immunology by Dan H. 
CAMPBELL, et al.; 268 pages; $8.75; 
W. A. Benjamin, Inc., 1963. 


This lucidly written and thoughtfully 
detailed book satisfies a long-existing 
need for a laboratory manual of im- 
munology which can be applied at both 
the undergraduate and graduate levels. 
Classical as well as the most recently 
developed methods in the science are 
comprehensively described in terms that 
should give no difficulty to students 
with some background in general biol- 
ogy and chemistry. 

The book is divided into three sec- 
tions: the first describes general bio- 
logical and physical techniques which 
have found widespread application in 
immunological research; the second in- 
volves specific laboratory exercises 
which include applications of the tech- 
niques described: earlier- and introduce 
methods specific to immunology; the 
third concerns the preparation of special 
reagents, principally buffers, which are 
used in some of the exercises. Each of 
the laboratory exercises is preceded by a 
brief explanatory passage defining the 
principles involved. Of themselves, 
these are admittedly inadequate, as 
they should be in a laboratory manual, 
but pertinent references are given to 
guide students to more comprehensive 
treatments of the fundamental material. 
The selection of experiments touches on 
all important areas of contemporary im- 
munology, including basic immuno- 
chemistry, hypersensitivity and im- 
mune tolerance. 

Several defects, some of them typo- 
graphical, were found, but they detract 
little from the usefulness of the book. 
On page 105, line 5, the sentence should 
read “...to remove antibodies against 
antigens that are common to all tissues.” 
On page 135, a supernatant test is 
described for a precipitin curve which 
was established using increasing dilu- 
tions of antigen, while on page 140 the 
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quantitative precipitin determination is 
- described using increasing concentra- 
tions of antigen, a more acceptable pro- 
cedure. The switch in methodology in- 
troduces some unnecessary confusion. 
On page 205, in a discussion on de- 
termining antibody by combination 
with isotopically labeled antigen, a 
question is raised concerning errors in- 
troduced by „coprecipitation of non- 
specific serum proteins with the antigen- 
antibody complexes. Coprecipitation 
should not be a factor here because only 
radioactivity is being measured and the 
antigen is the only labeled protein. 
On page 231, line 4, the sentence should 
read “. .. white cell extracts. ...” 

In conclusion, this book can be highly 
recommended as a source of laboratory 
exercises in immunology for under- 
graduate, graduate and medical stu- 
dents. The authors have admirably 
combined an extraordinary understand- 
ing of the minor technical pitfalls that 
frequently plague the novice with a 
clear presentation of some of the most 
advanced immunologic techniques.— 
Joel W. Goodman 


The Developmental Anatomy of “Isoetes” 
by D. J. PAOLILLO, Jr.; 130 pages; 
$3.50 clothbound, $2.50 paperbound; 
Illinois Biological Monographs, No. 
31; University of Illinois Press, 1963. 


This monographic treatment of the 
plant genus Isoetes will be welcomed by 
the comparative morphologist, the anat- 
omist, and the morphogeneticist. It is 
a concise, clearly written, well illus- 
trated, successful and timely effort to 
utilize the pattern of development as the 
approach to interpreting the organiza- 
tion of the mature plant, both as to 
organ formation and to internal anat- 
omy. The genus Isoetes has proved 
puzzling to botanists. These “most in- 
teresting, provocative and enigmatic” 
vascular plants are clearly lycopsid in 
nature, yet completely different from 
others of the Lycopsida in their gen- 
erally aquatic or amphibious habit; 
moreover, they lack known fossil pro- 
genitors. With vertically short, corm- 
like axes each bearing crowded quill- 
like leaves on its upper part and many 
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stigmarian-like roots in a uniform but 
unique pattern on its lobed basal part, 
it is not surprising that, for more than 
one hundred years, attempts to under- 
stand growth patterns and growth 
habits have provided a considerable 
body of controversial interpretations. 
It is against this background that Dr. 
Paolillo has utilized a comparative ap- 
proach, has employed newer techniques, 
and has produced a basic pattern of 
organization that seems to have resolved 
most of the fundamental problems dis- 
cussed by earlier students of the group. 
For the technical botanist who will 
welcome and will purchase this small 
book, it should be pointed out that the 
author has grouped the problems es- 
sentially as they have been envisioned 
by past workers. The three major head- 
ings are: the shoot and its meristems, 
both apical and lateral; the root~pro- 
ducing meristem; and the apical meri- 
stem of the root. It is in the new studies 
of these meristems and their patterns 
of behavior that Dr. Paolillo has found 
the “breaks through” that he sought. 
The reviewer cannot refrain from ex- 
pressing the hope that Dr. Paolillo will 
put his knowledge of Isoetes plants to 
work by making it the basis for experi- 
mental morphogenetic studies. Pre- 
liminary results suggest that the com- 
plete life history of at least one species 
of Isoetes can be carried out in sterile 
nutrient culture. Few such opportunities 
exist for broad morphogenetic studies 
on both the vegetative and reproductive 
level of any vascular plant. In addition, 
no other living lycopsid plant permits 
an examination of both primary and 
secondary activities for even the anom- 
alous cambial activity of Isoetes can 
be exploited with a view to understand- 
ing why it is anomalous and what anom- 
alous may mean as a morphogenetic 
phenomenon.—Ralph H. Wetmore 


Diffusion in Semiconductors by B. I. 
Bouraks, translated from the Russian 
by J. I. Carasso; edited by H. G. 
GOLDSMID; 378 pages; $14; Academic 
Press, 1963. 


After more than a decade of intensive 
investigation it is surprising to find 








Assignment: Quality Control. He’s a very special engineer at General 
Motors—a key man in a corporation which regards product depend- 
ability as a prime responsibility to its customers. He and a GM ipspector 
are shown giving this transmission a final check. In addition to keeping 
an eagle eye on every phase of manufacturing, the quality control engi- 
neer is closely concerned with preliminary design and engineering. More 
than 13,000 individual parts go into a GM car, and every one must be 
as reliable as men and machines can make it. Raw materials, compon- 
ents, subassemblies—all get meticulous scrutiny. Tolerances to within 
fifty millionths of an inch are commonplace. 

Among GM production employes, about one of every twelve devotes full 
time to quality control or inspection. Approximately 50,000 inspections 
are involved in the building of a single car. In addition, every machine 
operator has the responsibility for the quality of his work and perfor- 
mance of his machine. He can accept or reject any part he makes. His 
work is checked by the quality control engineer and the inspector, who 
analyze machine capabilities and predict machine inaccuracy before it 
occurs—not after. 

They’re mighty important people, these GM quality control engineers. 
They have an exacting job, and they take pride in doing it well. GM 
products bear witness to their effectiveness. 


GENERAL MOTORS IS PEOPLE ... 


187A 


only this one monograph available. In 
spite of several excellent review articles 
and the extensive treatment of oxides 
in Hauffe’s books, Boltaks has per- 
formed a useful service in bringing 
together the major items that relate to 
diffusion in the covalent semiconduc- 
tors: mathematical treatment of dif- 
fusion equations, defect equilibria and 
mobilities, impurity solubilities and 
their effect$ on electron energy states, 
methods for measuring diffusion coeffi- 
cients in solids, and reviews of experi- 
mental measurements and theoretical 
studies on various classes of semiconduc- 
tors, including elemental semiconduc- 
tors other than those of Group IV and 
oxides. 

The first two chapters attempt to 
cover defects and impurities in crystals 
and diffusion theory in a very condensed 
fashion. As a result, incomplete or 
vague statements abound. On page 44, 
Figure 17, a potential energy surface 
with final states represented at much 
higher energies than initial states sug- 
gests some haste in assembling this ma- 
terial. The following chapter on theories 
of diffusion in covalent and ionic semi- 
conductors is frequently suggestive, 
but often incomplete. The balance of the 
book is generally satisfactory and con- 
tains accounts of many interesting 
Russian studies. As in any monograph 
of this sort the critical reader is likely 
to disagree with individual statements 
and conclusions. 

The subject index has approximately 
160 entries compared with more than 
100 entries in the table of contents. No 
name index is included. A name index 
and expansion of the subject index 
would have been valuable. The printing 
is light in places, especially in some of 
the equations and figures. Probably 
only those with a compelling interest or 
a financial stake in diffusion in semi- 
conductors will choose to read this 
book. Such reading should be supple- 
mented by comparison with the original 
literature whenever critical judgments 
must be formed.—C. E. Birchenall 


Genetics by Rosert C. Kina; 347 pages; 
$7.50; Oxford University Press, 1962. 


The first thing that strikes one in 
looking at Genetics is the fact that it is 
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superbly illustrated and that the print- 
ing is excellent. The benefits do not 
stop there because the book actually 
turns out to be very well written and a 
true representative of modern ge- 
netics. 

The problem of the complexity of 
modern genetics that is currently in a 
stage of explosive expansion comes to a 
head when you have to write a general 
text in the field. The author, in this 
case, has presented a very clear out- ` 
line of general genetics and made a 
successful attempt at bringing in the 
newer aspects of molecular biology. 
This book has achieved a real balance 
in these two aspects of the subject. 
The author has not fallen into the usual 
trap of presenting the newer data in 
great detail before its ultimate sig- 
nificance is weighed with equally inter- 
esting but not timely older genetic 
material. 

This book would be excellent for an 
intermediate or beginning text at the 
college level. If it is somewhat short in 
certain areas, it is also clear in its or- 
ganizational pattern. 

In addition to being superbly illus- 
trated, there are a number of very 
useful tables in the appendices to the 
book in terms of the chronology of 
genetics and useful bits of information 
on the materials used in genetics and 
the general reference materials. 

The text Genetics ought to be around 
quite a while as a real contender for 
use in the standard college genetics 
course.-—Bruce Eberhart 


Material Behavior in Mammals, edited 
by Harrier L. Ruemncgoup; 349 
pages; $8.75; John Wiley & Sons, 
1963. 


If scientists in more hard-nosed dis- 
ciplnes than mine (psychology) can 
bring themselves to part with the $8.75 
required to purchase this book they will 
be richly rewarded. It will teach them 
that behavior can be subjected to 
scientific inquiry and that not all 
psychologists are either junior grade 
head-shrinkers, laboratory students of 
part processes, or windy speculators. 
Further, they will find that both anthro- 
pology and zoology have a lively in- 
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terest in the living beast and his im- 
portant daily behavior. Those scientists 
who are mothers will be charmed. Those 
who are only married to mothers may 
well increase their wives’ respect for the 
scientific calling. 

Twenty authors have produced ten 
chapters cévering twelve species of 
infrahuman mammals: rat, peromyscus, 
rabbit, cat, dog, sheep and goat, moose 
and elk, rhesu$ monkey, langur monkey 
and baboon. To the human nonspecialist 
the eighty pages on primates will prob- 
ably be most interesting, but my daugh- 
ter studied the rat and cat with an en- 
thusiasm that her physiology instructor 
would applaud (though her French 
teacher would hardly believe!). Yet 
this book is no popular digest for high 
school students—original empirical work 
ranging from the laboratory to field 
studies is reported in detail. 

Dr. Rheingold’s introduction (she is 
also the author of the paper on the dog) 
points out that ‘‘the term ‘maternal be- 
havior’ has proved somewhat trouble- 
some.” One of the troubles is that among 
Irven DeVore’s baboons—a generally 
terrestrial species, thus subject to the 
attack of predators—the adult males 
turn out to have enormous protective, 
and even caretaking, importance. In- 
deed, they exercise supervisory func- 
tions over the juveniles that are per- 
haps similar to those exercised by older 
sisters in many human groups. But in 
Phyllis Jay’s much more arboreal 
langurs, the sexual dimorphism is much 
less and so is the protective and care- 
taking importance of the adult males. 
The functional and evolutionary signifi- 
cance of these differences is clear. 

One last word. All the authors are 
acutely aware that “maternal” be- 
havior in these complex forms is social 
behavior determined in great part by the 
young (and his peers or littermates) as 
well as by the adult. Read it— 
John P. McKee 


Zone Electrophoresis in Blocks and Col- 
umns by H. BLOEMENDAL; 219 pages; 
$7; American Elsevier Publishing Co., 
1963. 


Since Tiselius described the prin- 
ciples of electrophoretic separation in 
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1937, a large number of techniques have 
been advanced for isolation of specific 
charged substances and analysis of ionic 
mixtures based on electrophoresis. In 
recent years nearly all such methods, 
both preparative and analytical, have 
utilized the principles of zone electro- 
phoresis where an inert material is used 
to inhibit convection of ions migrating 
in the applied electric field thereby 
allowing more complete and efficient 
separations. In this monograph, Dr. 
Bloemendal attempts to present a 
practical guide to zone electrophoresis 
(restricted to blocks and columns and 
excluding paper electrophoresis). He is 
eminently successful in this attempt. 


Electrophoresis in blocks and columns 
using granular or gel stabilizing media, 
continuous electrophoresis, and column 
electrophoresis using density gradients 
as anti-convection devices are the sub- 
jects covered. Under each topic, the 
necessary apparatus, a large variety of 
different stabilizing media and their 
preparation, application of sample mix- 
ture, factors affecting the electrophoresis 
such as pH and ionic strength of the 
supporting electrolyte, temperature, ap- 
plied voltage, current, etc., location of 
substances of interest in the stabilizing 
medium, and the elution and estima- 
tion of such substances are all discussed 
in detail. Some of the applications and 
important biochemical findings result- 
ing from the use of the various types of 
zone electrophoresis are briefly reviewed. 
The presentation of such biochemical 
findings without more extensive dis- 
cussion of their significance in inter- 
preting other results is a minor fault in 
the book. The many exeellent illustra- 
tions are particularly helpful in under- 
standing the practical sections. 


More extensive discussion of such 
practical problems as electrosmosis 
(briefly treated), constant current ver- 
sus constant voltage power, further 
application of zone electrophoresis to 
separation of small molecules, repro- 
ducibility and other analytical aspects 
of zone electrophoresis, and similar prob- 
lems would have been desirable. How- 
ever, these omissions detract only 
slightly from the value of the work. 
This book should stimulate ‘“Techni- 
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cal improvements, which aim at quanti- 
tative work under well-defined and re- 
producible conditions .? (Arne 
Tiselius). This book is highly recom- 
mended to those now using or who con- 
template the use of zone electrophoresis. 
—David B. Straus 


Applied Mechanics Reviews WADEX, 
Volume 15, 1963, datamated by E. A. 
RIPPERGER, et al.; 576 pages; $7.50; 
The American Society of Mechanical 
Engineers, New York 17, 1963. 


Workers in several areas of science 
and engineering are familiar with the 
monthly publication Applied Mechanics 
Reviews. Hach year this publication gives 
a brief critical review of almost 8000 
technical papers that have appeared in 
journals throughout the world. These 
reviews are listed under subject headings 
with cross indexing, and in an author 
index. A Word and Author Index 
(WADEX) for reviews published during 
the year 1962 has been prepared by 
means of computer techniques. 

WADEX consists of a single alpha- 
betical index, with listings both under 
descriptive words from the title and 
under the author’s name. Each listing 
gives the full title, author’s name, and 
reference number to the Applied Me- 
chanics Reviews. The volume covering 
1962 fills nearly 600 pages with double 
columns, representing in the order of 
40,000 entries. Each review must .ap- 
pear in WADEX at an average of five 
different places. The volume repre- 
sents an effort to prepare a useful and 
complete index in a consistent form, 
with the intellectual effort needed in 
the preparation reduced to a minimum. 
It is an interesting experiment, and its 
editors welcome constructive comments. 
—W.d. Cunningham 


Recent Developments in Network Theory, 
edited by 8. R. Dzarps; 250 pages; 
$12.50; The Macmillan Co., Perga- 
mon, 1968. 


This latest monograph in a series in 
aeronautics and astronautics comprises 
the Proceedings of The Sympostum on 
Network Theory held at the College of 


Aeronautics, Cranfield, England, in 
September 1961. Since few such sym- ' 
posia have been held in England, this 
volume holds a particular interest for 
the network theorist. 

Fourteen papers are included in this 
volume, in three major classifications: 
Linear Passive and Active Network 
Theory, and Non-Linear Network The- 
ory. Each classification is subdivided 
into sections on analysis and synthesis. 
Since it is difficult within the space 
of this review to give even the briefest 
comments on each paper, I will indi- 
cate the areas of prominent coverage, 
and cite several of the papers. 

Nine of the fourteen essays consider 
several aspects of passive, linear net- 
work theory. Four of the nine consider 
n-terminal networks, presenting matrix 
analysis techniques, two realization 
theorems, and a transformerless syn- 
thesis procedure to realize a grounded 
N-port with a prescribed impedance 
matrix. Three of the nine consider 
classical synthesis problems. A review of 
the present state of the art by K. M. 
Adams strives to connect the funda- 
mental results of various circuit syn- 
thesis procedures which have been re- 


‘ported to date. This survey has a dis- 


cussion appended to it in which Dr. 
Brayshaw poses the query, “on the 
principle that there is usually a basic 
simplicity in fundamental results, may it 
not be that complicated restrictions 
met within the particular examples cited 
here are a warning that this approach is 
wrong?” In a rebuttal, Dr. Adams ad- 
mits that classical network theory is 
often inadequate and quite clearly in- 
complete. He expresses the hope that top- 
ological methods now being researched 
will yield stronger and more funda- 
mental procedures; nonetheless, Dr. 
Adams implores the reader not to dis- 
avow the sometimes aesthetically dis- 
satisfactory but significant classical 
methods. Extensions and generaliza- 
tions of both Brune’s work and the Bott- 
Duffin procedures are considered in the 
next two papers by Dr. Talbot and Dr. 
Brayshaw. J. W. Head discusses ‘‘Metri- 


1 Published previously as Monograph 
531E of the Institution of Electrical Engi- 
neers, July 1962. 
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1964, 327 pp., $13.50 » 


MOLECULAR PHARMACOLOGY 
The Mode of Action of 
Biologically Active Compounds 
Edited by E. J. Ariens 


Volume 1, April 1964, 501 pp., $17.00 
Volume 2, Summer 1964, about 275 pp. 


IDENTIFICATION OF MATERIALS 

Via Physical Properties, Chemical Tests, 

and Microscopy 

By A. A. Benedetti-Pichler 

A Springer-Verlag title published in the U.S.A. 
and Canada by Academic Press 

504 pp., May 1964, $18.00 


CYTOLOGY AND CELL PHYSIOLOGY 
Third Edition 

Edited by Geoffrey H. Bourne 

April 1964, 780 pp., $20.00 


THE CELL 

Biochemistry, Physiology, Morphology 
Edited by Jean Brachet and Alfred E. Mirsky 
Volume 6, 1964, 564 pp., $18.00 


TENSORS IN MECHANICS 
AND ELASTICITY 


by Leon Brillouin 
Translated by Robert O. Brennan 


April 1964, 478 pp., $12.50 


THE PHYSIOLOGICAL CLOCK 
Endogenous Diurnal Rhythms and 
Biological Chronometry 

Second Edition 

By Erwin Bunning 


A Springer-Verlag title published in the U.S.A. 
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Second Edition 

By Zdenek Kopal 
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The Twenty-Second Symposium, The 
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Edited by Michael Locke 
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Proceedings of the First International 
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cal Mathematics and Operational Cal- 
culus.” In a paper rather removed from 
the rest, Dr. Duijvestiyn considers, 
within the area of graph theory, the 
problem of dissecting a rectangle into 
squares. 

Two papers of more than usual in- 
terest make up the section on Active 
Network Synthesis: Dr. Sarag’s Ap- 
proach to Active RC Synthesis, and 
Keen’s nonreciprocal synthesis proce- 
dure. In the latter, a generalized non- 
reciprocal element, the unitor, is intro- 
duced. This reviewer particularly en- 
joyed both of these papers. 

The three remaining papers discuss 
flow graph analysis and nonlinear cir- 
cuit theory. Perhaps, in reaching an 
overall impression of the impact of this 
volume, this reviewer is forced to agree 
with Brayshaw, who admits his frus- 
tration at the complicated and some- 
times seemingly unrelated synthesis 
procedures which are the building blocks 
of contemporary network theory.— 
Ralph W. Wyndrum, Jr. 


Group Theory and Its Application to 
Physical Problems by Morron HAm- 
ERMESH; 509 pages; $15; Addison- 
Wesley, 1962, and Group Theory, the 
Application to Quantum Mechanics 
by Paur H. E. MEIJER AND EDMOND 
Bauer; 288 pages; $9.75; John 
Wiley & Sons, 1962. 


Although the central book on the ap- 
plication of mathematics to the sym- 
metry of physical problems—E. P. 
Wigner’s Gruppentheorie—was pub- 
lished in 1931, it has only been in the 
last few years that use of group theory 
has enjoyed widespread popularity. 
Current interest is largely attributable 
to the extensive efforts being made by 
physicists and chemists to understand 
quantitatively complex nuclei, atoms, 
molecules, and crystals. This interest 
has given rise to half a dozen recent 
books with as many different orienta- 
tions and styles. The book by Hamer- 
mesh stands at one end of this spectrum. 
Its presentation is complete, clear and 
accessible to physicists and a few chem- 
ists, but in spite of its title, its style and 
contents are primarily that of applied 
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mathematics. It will appeal to that read- 
ership which desires a more complete 
mathematical development than of- 
fered by the more physically oriented 
books such as M. Tinkham (MeGraw- 
Hill, 1964) or V. Heine (Pergamon 
Press, 1960). Discussions of the sym- 
metric group, the Young tableaux, the 
structure of Lie algebras, and irreducible 
tensors are noteworthy in this regard. 
In addition to the classification of sym- 
metry groups and treatment of repre- 
sentation theory, Hamermesh gives 
applications to such topics as the senior- 
ity number in atomic and nuclear spec- 
troscopy and the little groups of solid 
state theory. 

The first five chapters of the book by 
Meijer and Bauer (vector spaces, prin- 
ciples of quantum mechanics, formal de- 
velopment of group theory, representa- 
tion theory, and rotations in three di- 
mensions) are a translation from a 1933 
French monograph. These and the 
remaining three chapters (Representa- 
tions of tensor operators, space groups, 
and finite groups with some applica- 
tions) suffer pedagogically from being 
too brief to provide a genuine introduc- 
tion to group theory but not advanced 
or complete enough to form a reference 
of specialized text. Nevertheless there 
are useful short sections on the Wigner- 
Eckart theorem, Racah coefficients, 
little groups, Kramer’s theorem and the 
Jahn-Teller effect.—Leland C. Allen 


Genetics & Modern Biology by G. W. 
Bape; 73 pages; $2; Memoirs of 
the American Philosophical Society, 
Vol. 57, 1962 Jayne Lectures, 1963. 


The advances in our understanding 
of the nature of heredity during this 
century are among the most striking 
in the whole field of science, and perhaps 
the most spectacular of these is the in- 
terpretation in biochemical terms that 
has been developed especially in the 
past ten years. We have come a long 
way from the time when Bateson could 
say, in 1916: 

‘|. . it is inconceivable that particles 
of chromatin or of any other substance, 
however complex, can possess those 
powers which must be assigned in our 
factors [genes.] .. . the supposition that 
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particles of chromatin, indistinguishable 
from each other and almost homogen- 
cous under any known test, can by their 
material nature confer all the properties 
of life surpasses the range of even the 
most convinced materialism.” 

In this short account of 73 pages 
Beadle has given an admirable summary 
of the history and present status of the 
subject. The summary gives a vivid im- 
pression of tht excitement of scientific 
research, and of what kinds of people 
carry it out, as well as bringing the cur- 
rent views up-to-date. 

There are three chapters: ‘Mendel to 
Watson and Crick,” “In molecular 
terms,” and “Evolution and the nature 
of man.” Of these, the third is perhaps 
least obviously described by its title, 
since it is concerned largely with the 
evolutionary implications of the nucleic 
acid codes and their functions in protein 
synthesis. There is a brief-bibliography, 
and no index. 

The book is to be strongly recom- 
mended as an accurate and readable re- 
port that should be intelligible to the 
general reader.—-A. H. Sturtevant 


The Physiology of Mosquitoes by ALAN 
N. CLEMENTS; 393 pages; $12.50; 
The Macmillan Co., Pergamon, 
1963. 


Although Havelock Ellis may have 
overstated the case when he epitomized 
mosquitoes as “all of Nature gathered 
up at one point, in her loveliness, and 
her skill, and her deadliness, and her 
sex,” the life processes of these insects 
have, over the years, attracted a great 
deal of research interest. Dr. Clements 
has compiled much of the pertinent 
literature on the subject in his “Physi- 
ology of Mosquitoes.” The title was in- 
terpreted in its broadest sense to in- 
clude genetics, embryology, behavior, 
etc., but excludes comparative reference 
to other insect groups. The bibliography 
contains nearly 800 citations, of which 
more than half were written within the 
last decade. Tabulation, by year of 
entry, reveals that their numbers ap- 
pear to be steadily increasing and, if the 
trend continues, the bibliography of a 
book of similar scope written at the end 
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of the next decade would again be 
doubled. This book is well indexed and 
the bibliography, which is complete 
through 1961, includes a few references 
published in 1962. Unpublished data, 
that were derived from theses, annual 
reports, program abstracts, and personal 
communications are discussed in some 
detail. This practice has the unfortunate 
effect of perpetuating error. 

Dr. Clements has minimized his ed- 
itorial function in the writing of this 
book. There are no general introductory 
or summarizing statements and matters 
of controversy are frequently treated 
by omitting mention of other points of 
view. As a result, the subject would ap- 
pear to the uninitiated to be relatively 
stable and well explored. This, of course, 
is not the case. 

The scope of this book is so great 
that a uniform quality of discussion 
might not be expected throughout. 
Examination of the section dealing 
with autogeny, an area in which Dr. 
Clements has made contributions, re- 
veals significant disparities. He neglects 
the paper of Twohy and Rozeboom 
(1957), whose results are somewhat at 
variance with his own, and misstates 
the results of Spielman (1957). While 
similar disparities may be found in other 
sections of the book, many topics are 
accurately presented. Especially valu- 
able are the detailed discussions of re- 
cent German reports concerning genet- 
ics, embryology and host seeking. 

While this book must be read with 
constant reference to the original litera- 
ture, it is a useful addition to a library of 
Medical Entomology, serving as a con- 
venient guide to the recent literature of 
a rapidly expanding and complex sub- 
ject.— Andrew Spielman 


Invertebrate Zoology by Roserr D. 
Barnes; 632 pages; $10; W. B. 
Saunders Co., 1963. 


The welcome volume fulfills the 
longstanding need for an American 
text of invertebrate zoology at the up- 
perclass and graduate level. The difi- 
cult task of presenting a balanced 
treatment of the taxonomic, anatomical, 
physiological, embryological, and eco- 
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baby. Dr. Kleitman surmised that the infant was “watching” a dream. This brilliant guess, 
proved correct by experiment with adults, led to the first direct recording of dreams—by 
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dreams that otherwise would be forgotten. For the first time, man explored the mysterious 
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logical aspects of the invertebrates in 
phylogenetic sequence has been per- 
formed in a scholarly, modern, inter- 
esting manner. i 


The use of biological types is aban- 
doned; instead each major taxon is 
treated from a general standpoint, fac- 
ing the student with a broad spectrum 
of facts and exceptions and an opportu- 
nity to achfeve a mature and realistic ap- 
preciation of the nature and diversity 
of the invertebrate phyla. Frequent 
mention is made of species commonly 
utilized as laboratory specimens, facili- 
tating the use of the book in connection 
with laboratory studies. Phylogenetic 
information provides continuity be- 
tween chapters and an overall unity. 
A valuable contribution is the dis- 
cussion of opposing theories and un- 
resolved questions. 

Twenty chapters cover the proto- 
zoans, origin of the metazoa, sponges, 
coelentrates, ctenophores, flatworms and 
origin of the bilateria, nemerteans, 
spiral cleavage and embryology of 
turbellarians and nemerteans, pseudo- 
coelomates, annelids, mollusks, intro- 
duction to arthropods, trilobites, cheli- 
cerates, crustaceans, myriapods, an- 
nelidan and arthropodan allies, lopho- 
phorate coelemates, echinoderms, and 
lesser deuterostomes. Sporozoa, Trema- 
toda, Cestoda, and Insecta were 
omitted as these classes are covered 
adequately in parasitology and ento- 
mology texts, leaving space for addi- 
tional material on other invertebrates. 

The book is readable, has a pleasing 
format, is relatively free of typographi- 
cal errors, and is plagued by very few 
statements which the critical reader 
might find objectionable. Systematic 
resumés of major taxa, and useful, often 
lengthy, bibliographies after each chap- 
ter will be valued by the good student. 
Unfortunately the illustrations, al- 
though liberally used, are considerably 
below the general standards of the rest 
of the book, and constitute its weakest 
feature. 

This volume will probably find wide 
usage in American colleges and universi- 
ties. It is strongly recommended.— 
Melbourne R. Carriker 


198A 


Advances in Organic Chemistry: Meth- 
ods & Results, Vol. IV, edited by R. A. 
RAPHAEL, et al.; 361 pages; $14.50; 
John Wiley & Sons, Interscience, 
1963. 


The volume under review continues 
to provide the same high standard of 
reference material in some of the most 
useful synthetic tools of organic chem- 
istry, as the preceding volumes. Three 
chapters dealing with the synthetic 
chemistry of enamines, synthetic meth- 
ods in the carotenoid and Vitamin A 
fields and the coupling of acetylenic 
compounds to polyenynes of the acyclic 
and cyclic types form the contents of 
this volume. 

Dr. Samuszkovicz, one of the coll 
aborators of Professor Stork in the de- 
velopment of enamine chemistry, has 
naturally written a very impressive 
discussion dealing with the syntheses, 
structures and the many different types 
of acylations and alkylations possible 
with the enamines. This chapter makes 
stimulating reading, as the author looks 
at the enamine molecule from many 
diverse angles in a multitude of struc- 
tural framework. 

Drs. Isler and Schudel provide one 
of the most well-documented reviews 
on the wide variety of synthetic ap- 
proaches possible to long chain polyenes. 
Extensive discussions give insight to the 
new types of reagents and reactions, 
more recently discovered, in building 
up a carotenoid molecule. Copious 
references are given to procedures like 
the Nef reaction, the Wittig type con- 
densation, the enol ether condensation 
the Aldol condensation, reductive di- 
merization and the Robinson-Mannich 
type condensation. In spite of the fact 
that part of this discussion has been 
covered in different earlier reviews by 
other authors, this chapter certainly 
offers a fresh approach and makes for a 
comprehensive summary of the topic in 
a unified manner. 

With the expanding Interest In natu- 
rally occurring polyacetylenes and the 
aromatic character of monocyclic poly- 
enes, the coupling of acetylenes has 
assumed major synthetic importance in 
organic chemistry in recent years 


Coliected Experimental Papers of 
P. W. Bridgman 


FP. W. Bridgman received the 1946 Nobel Prize in physics in recogni- 
tion of his pioneering research on the effects of high pressures on the 
behavior of matter. These papers, extending over a period of fifty 
years, constitute the complete record of the experimental work in 
the physics of high pressure to which Mr. Bridgman devoted ‘most of 
his scientific efforts. A complete index of substances, based on one 
prepared by the author, and an index of subjects including ap- 
paratus and techniques are provided. Seven volumes. $100.00 the 
set 


Studies in Large Plastic Fiow and 
Fracture 


With Special Emphasis on the Effects of Hydrostatic Pressure 
By P. W. BRIDGMAN 


A reprint of a work that originally appeared in 1952, this book 
describes in detail Mr. Bridgman’s experiments on the behavior of 
materials, particularly steel, under very high pressure. As well as 
being of scientific interest, the book provides a better understanding 
of the difficult problems of flow and fracture, many of them still 
unsolved, in the narrow range of conditions more usually encountered 
in practical situations. $9.75 


Heat and Life 


The Development of the Theory of Animal Heat 
By EVERETT MENDELSOHN 


Explanations of animal heat were attempted from the earliest times. 
This book brings together the history of this single biological theory 
and examines its relation to the theoretical structure of the physical 
and chemical sciences, from the speculations of the ancient Greeks 
to the respiration and combustion explanation at the end of the 
18th century. $4.50 
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Thermodynamie Properties of 
Helium to 50,000° K 
By WILBERT J. LICK and HOWARD W. EMMONS 


The composition, energy, enthalpy, entropy, specific heat at constant 
volume, specific heat at constant pressure, the speed of sound, 
mass density, electron density, and compressibility factor have here 
been calculated for the equilibrium mixture consisting of neutral, 
singly and doubly ionized atoms, and electrons. The methods used 
and sources of basic data are given. Two full size wall charts 
featuring Mollier diagrams and a paperbound book of charts are 
contained in a sturdy slipcase. $2.95 
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largely due to the efforts of the schools 
led by Professors Jones, Sondheimer 
and Bohlmann. Professor Eglinton and 
Dr. MeRae have provided a wealth 
of information in this direction, amply 
supplemented by tabular surveys and 
extensive bibliography. 

The editors are to be congratulated on 
the choice of the topics for this volume 
as well as for giving an opportunity to 
the authors to bring their references 
up-to-date to work published in 1962.—- 
B.S. Thyagarajan 


Hydrodynamic Superposability by R. 
BALLABH; 45 pages; $8.75 paper; 
Taplinger Publishing Co. for Asia 
Publishing House, Bombay, 1963. 


Two constant-density viscous flows 
with velocity fields qı and q are termed 
superposable if there exists another 
such flow with velocity field qı + qe. 
In the present very short monograph 
is found a study and review of super- 
posable and self-superposable flows, 
based primarily on earlier papers of the 
author. The listed price is unreasonably 
high —W’. D. Hayes 


The Evolution & Eradication of Infec- 
tious Diseases by AIDAN COCKBURN; 
255 pages; $7.50; The Johns Hopkins 
Press, 1963. 


The reader of this inevitably con- 
troversial volume should first get the 
author’s background of experience and 
contacts and his general philosophy by a 
careful perusal of the Preface and 
Acknowledgements and the initial chap- 
ter on The Role of Speculation in Re- 
- search. He should then turn to the 
chapter covering his own particular 
interest and knowledge; ‘‘the specialist 
in any one of the fifty odd disciplines te 
which reference is made is likely to 
find errors and omissions within his 
special knowledge” which will prepare 
him to anticipate similar errors and 
omissions in other disciplines. The 
reader is now ready to enjoy and profit 
from Cockburn’s ‘attempt to give a 
birdseye view of the relationships (past, 
present, and future) between host, 
parasite, and environment with particu- 
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lar reference to human infectious dis- 
eases.” 

The author’s view of such relation- 
ships is given in chapters on: Evolution- 
ary Background; Paleoepidemiology; 
the Evolution of Infectious Diseases; the 
Species Concept of Microbiology; the 
Basic Principles of Eradication; the 
Treponematoses; Cholera; Smallpox, 
Poliomyelitis, Tuberculosis; and Erad- 
ication and the Population Explosion. 

The ten chapters have a total of 241 
wide-ranging bibliographic references; 
unfortunately many of these references 
are too indefinite to be helpful, as that 
to Strode’s 700-page work on yellow 
fever. 

The volume is beautifully edited and 
adequately illustrated with tables, maps, 
and photographs. 

The reviewer has found what he con- 
siders ‘errors and omissions within 
his special knowledge” and divergences 
from his own opinions; these were to be 
expected with an author whose sweep 
is so wide. 

The Evolution and Eradication of 
Infectious Diseases is recommended 
reading for workers in the biological 
sciences; especially should it be in the 
hands of public health workers un- 
familiar with the concept of eradication 
in the prevention of communicable dis- 
eases.—Fred L. Soper 


The Physics of Engineering Solids by 
T. 5. Hurcuison & D. C. BAIRD; 
368 pages; $8; John Wiley & Sons, 
1963. 


This book has many commendable 
pages. But, to publish a text-book on 
fundamental material already treated 
at various levels in many books re- 
quires going beyond what is already 
available: it must be significantly more 
up-to-date (is a brief mention of lasers 
sufficient distinction?) or its presenta- 
tion must be superior in clarity and 
organization. This is not the case here. 
The authors stress the incompleteness 
of the treatment of almost every topic 
so frequently that one soon gets a feel- 
ing of despair—in spite of encourage- 
ments such as: “The full significance of 
this becomes clear later. . .” In the first 
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THE THEORY OF RECYCLE PROCESSES IN 
CHEMICAL ENGINEERING 

International Series of Monographs on Chemical Engineering, 
Volume 3 

by M. F. NAGIEV, Vice President of the Academy of 
Sienas of the Azerbaidzhan S. S. R. 

Covers the background and applications of recycling 
processes in a wide range of chemico-technological 
problems in both dynamic (circulating) systems, and 
static systems with recirculation. 

PARTIAL CONTENTS: 

Law and Rules for the Making-up of Complex Mix- 
tures, Experimenta! Determination of the Steady- 
State Parameters of Chemical Processes. Conversion 
of the Terms in the Basic Recycling Equations from 
Weight to Molar Units. Development of Elements for 
the Technological Process Leading to High Efficiencies 
per Unit Volume of Reactor Space. Index. 

278 pages A Pergamon Press Book $15.00 


THE GAS PHASE OXIDATION OF HYDROCARBONS 

by V. YA. SHTERN, Institute of Petrochemical Synthesis, 
Academy of Sciences of the U.S.S.R, 

The most comprehensive single account of hydro- 
carbon combustion produced in a decade, this large 
work reviews research on the mechanism of oxidation 
of paraffins, olefins, naphthenes, and aromatic hydro- 
carbons; and describes phenomena and theories in 
detail together with relevant kinetic equations. 
CHAPTER HEADINGS: 

Non-Ghain Schemes for the Oxidation of Hydro- 
carbons, Radical-Chain Schemes of Oxidation of 
Paraffinic Hydrocarbons. Experimental Investigations 
on the Oxidation of Paraffinic Hydrocarbons. The 
Oxidation of Methane. The Oxidation of Olefinic Hy- 
drocarbons. The Oxidation of Naphthenic and Aro- 
matic Hydrocarbons. Problems of Controlling Hydro- 
carbon Oxidation Reactions. Index. 


710 pages A Pergamon Press Book $28.50 


ELECTRICAL CIRCUITS WITH VARIABLE 
PARAMETERS, INCLUDING PULSE CONTROL 
SYSTEMS. 
by V. A. TAFT, Moscow 

hows how to extend frequency analysis and opera- 
tional methods to the prediction of response charac- 
teristics in circuits with variable parameters. With a 
minimum of numerical computation. 
PARTIAL CONTENTS: 
The Forced Current Component in an Oscillatory 
Circuit with a Periodically Varying Inductance. 
Calculation of Transients by the Fourier-Series 
Method. Methods for the Analysis of Pulse Circuits and 
Problems of the Theory of Pulse and Digital Controllers. 
108 pages A Pergamon Press Book $7.50 


HIGH TEMPERATURE STRUCTURES AND MATERIALS 
Proceedings of the Third shyt adie on Naval Structural 
Mechanics, Held at Columbia University 

Edited by A. M. FREUDENTHAL, Columbia University, 
New York, B. A. BOLEY, Columbia University, New 
York, and H. LIEBOWITZ, Office of Naval Research, 
Washingion, D.C. 

Deals with structural mechanics under conditions of 
elevated temperatures. The papers cover the various 
aspects of design for high temperature service, includ- 
ing material, high speed effects, thermal stress analysis, 
design criteria, and reliability. 

350 pages A Pergamon Press Book $15.00 


THIRST 

Proceedings of the First International Symposium on Thirst 
in the Regulation of Body Water, Held at the Florida State 
University, Tallahassee 

Edited by MATTHEW J. WAYNER, Syracuse University 
A unique reference work covering physiological, bio- 
logical, zoological, and other related aspects of the 
regulation of body fluids in the patterns of both be- 
havior and survival. The discussions are included, 

570 pages A Pergamon Press Book $20.00 


MARINE BIO-ACOUSTICS 

Proceedings of a Symposium held at the Lerner Marine 
Laboratory, Bimini, Bahamas 

Edited by WILLIAM N. TAVOLGA, The American 
Museum of Natural History, New York 

On the various disciplines concerned with the field of 
sound production by marine organisms. The work 
synthesizes a wealth of information on equipment and 
techniques used by various researchers in the field. 


CONTENTS: 

An Acoustic-Video System for Marine Biological Re- 
search. Physical and Acoustical Aspects. Biological 
Sound Producers in the Sea, Marine Fishes as Acoustic 
Detectors. Acoustic Problems in Cetacean Research. 
413 pages A Pergamon Press Book $15.00 


THEORY AND STRUCTURE OF COMPLEX 
COMPOUNDS 

Edited by B. JEZOWSKA-TR ZEBIATOWSKA, Uni- 
versity of Wroclaw 

Eighty-seven papers review the important developments 
in co-ordination chemisty in the last two decades, 
emphasizing the importance of the chemistry of 
complex compounds in inorganic, physical, and theo- 
retical chemistry, and the various applications of 
interest in the fields of physics, biology, and mathe- 
metics. Discussions are included. 


707 pages A Pergamon Press Book $17.50 


ANALYTICAL CHEMISTRY OF NIOBIUM AND 
TANTALUM 

International Series of Monographs on Analytical Chemistry, 
Volume 16 

by ROSS W. MOSHIER, Aerospace Research Laboratories, 
Wright-Patterson Air Force Base, Ohio 

Reviews the methods and techniques of the past de- 
cade in the analytical chemistry of niobium and tan- 
talum. Covers new reagents, precipitation, solvent 
extraction, ion exchange, and chromatography, vola- 
tization, titrimetry, polarography, spectrophotometry, 
spectrography, and X-rays. The author treats each 
type of analytical method separately, thus enabling 
the analyst to readily make use of the procedure 
most suitable to his laboratory needs. 


PARTIAL CONTENTS: 

Detection and Identification. Dissolution of the Sample. 
Precipitation Separations and Grivimetric Determina- 
tions. Separations by Solvent Extraction. Titrimetric 
Methods. Chlorination and Volatilization in Deter- 
minations. Polarography of Niobium and Tantalum. 
X-Ray Diffraction and X-Ray Fluorescence. Radio- 
active Tracers and Neutron Activation. Determination 
of Impurities. Spectrographic Determination of Nio- 
bium and Tantalum and Associated Impurities, 
Author Index—Subject Index. 


278 pages A Pergamon Press Book $12.75 
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few chapters there are fine illustrations 
of crystal structures but weak support 
from the text. The praise-deserving 
sections are Chapter 4 on diffusion, part 
of Chapter 5 on elastic and plastic prop- 
erties and especially Chapter 6 on wave 
mechanics which is beautifully suited to 
the intended user (the engineering stu- 
dent). Then the text rapidly soars to a 
high level of sophistication. A surprise 
recipe for making copper oxide recti- 
fiers sneaks in after some 200 pages of 
pure physics. The chapter on semicon- 
ductors is rather weak and there are 
incorrect statements about excitons. 
The frequent cross-references to pre- 
vious and to subsequent entries are an- 
noying. The lazy student will enjoy the 
simple problems and the given answers. 
Let us terminate by blaming the editors 
for a layout of figures and tables which 
makes the text choppy.—/J. I. Pankove 


Nuclear Physics, An Introduction by 
W. E. Burcuam; 739 pages; $12; 
McGraw-Hill Book Co., 1963. 


Burcham has attempted to provide an 
introduction to almost the whole field 
of nuclear physics, excluding only prac- 
tical applications and high energy 
physics, and has done suprisingly well 
at such an ambitious task. Intended 
for senior undergraduate or beginning 
graduate students it is written from an 
experimental point of view. 

The book is divided into four major 
sections, beginning with the historical 
development of nuclear physics from 
the days of Becquerel and Rutherford 
to the present time. The second section 
deals with the experimental techniques 
used in the field and here the book 
should be especially valuable to begin- 
ning graduate students since Burcham 
has managed to include almost all the 
present-day techniques. The second half 
of the book takes up the theoretical as- 
pects of nuclear physics. The third sec- 
tion considers nuclear models and static 
properties of nuclei. It gives a good 
introduction to the various nuclear 
models and their ranges of applicability. 
The fourth section treats nuclear reac- 
tions and scatterings as well as the 
dynamic properties of the nucleus. In 
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order to cover such a wide range of 
material, the treatment of most sub- 
jects is necessarily brief, but neverthe- 
less quite readable. 

The lack of any problems reduces the 
usefulness of this book as an under- 
graduate text but this lack is not im- 
portant for a graduate text or reference 
book. It would be a fine review of the 
subject for the more advanced student 
and can be highly recommended to 
those entering the field of nuclear phy- 
sics and also to those in related fields 
who are interested in nuclear physics.— 
C. A. Kelsey 


Fast Neutron Physics, Part II: Expert- 
ments & Theory, edited by J. B. 
MARION & J. L. FowLeRr; 1308 pages; 
$45; John Wiley & Sons, Interscience, 
1963. 


The second and final part of this 
comprehensive work deals primarily 
with experimental results and the 
theories used in their interpretation. 
It is a collection of 20 articles by 33 
authors, each an expert in his field. 
To cover such a wide field with con- 
tributions from so many authors could 
lead to a series of disconnected chap- 
ters, but Marion and Fowler have done 
a fine job of maintaining continuity. 
They have arranged the articles to form 
a smooth and continuous treatment 
which starts with the more easily un- 
derstood features of neutron interac- 
tions. The first three chapters are de- 
voted to the average effects of neutron 
interactions and to the optical model 
which is based on these average proper- 
ties. A chapter on direct interactions 
provides a transition between the gross 
nuclear properties and resonance phe- 
nomena. More complicated subjects 
such as polarization and inelastic scat- 
tering follow the treatment of reso- 
nances. The second half of the book is 
concerned with nuclear reactions in- 
volving particles other than neutrons. 
A chapter on the fundamental n-p in- 
teraction concludes the book. 

Each of the chapters is self-contained 
and can be studied independently. 
Most of the chapters on theory start by 
explaning the basis for the model and 
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then develop some of the simpler re- 
sults of the theory. Finally, the more 
advanced and involved aspects of the 
theory are treated. The experimental 
chapters attempt to give a complete 
description of experimental progress to 
date. Unfortunately, Part II was de- 
layed in publication for over two years 
and the editors comment on the re- 
visions necessary because of this delay. 
Each chanter provides a comprehensive 
survey of the pertinent literature up 
to sometime between 1957 and 1961. 
Only careful reading of the chapters will 
determine the most recent reference on a 
particular subject. The chapters on ex- 
perimental results appear to suffer 
more from the delay in publication 
than do those on theory. 

Part IT can be recommended to both 
physicists and nuclear engineers who 
are interested in reviewing the funda- 
mental theories of neutron physics as 
well as in keeping up with the more re- 
cent advances in the field. Unfortu- 
nately the price will prevent many from 
adding it to their personal library.— 
C. A. Kelsey 


Basic Astronomical Data, edited by K. 
Aa. STRAND; 495 pages; $12.50; 
University of Chicago Press, 1963. 


This is the third volume of nine in 
the series Stars and Steller Systems under 
the general editorship of Kuiper and 
Middlehurst. In this volume, twenty- 
eight astronomers have contributed 
nearly as many authoritative articles 
reviewing the fundamental observa- 
tional data relating to the stars, such as 
motions, distances, luminosities, temper- 
atures, and masses. In each chapter 
the observed parameters are carefully 
defined and, in some cases, the theoreti- 
cal implications are discussed. The 
errors in the measurements and the un- 
certainties in their interpretations are 
well treated by most authors. Where 
space permits, definitive tables of 
values are included. All the articles 
give references to the sources and the 
best compilations of the data. 

Inertial reference frames and the 
proper motions of the stars, so essential 
to our knowledge of galactic structure, 
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are described in five articles by Clem- 
ence, Scott, Vasilevski, Dieckvoss, and 
Luyten. Keenan and Strémgren have 
contributed chapters on spectral clari- 
fication, while Johnson, Becker, Sharp- 
less, Hall, and Serkowski have written 
on multicolor photometry, interstellar 
reddening, and polarization. Harris has 
compiled the best estimates for the 
temperatures and bolometric corrections 
of the stars, necessary data for the 
comparison of theories of stellar evolu- 
tion with the observations. Other 
authors have described visual and 
eclipsing binary systems and the in- 
formation they provide on stellar 
masses and radii. Blaaw has an im- 
portant article on the determination of 
absolute magnitudes in which he dis- 
cusses all the methods used and 
thoroughly analyzes the errors in- 
volved. Kraft and the Gaposchkins have 
added chapters on the luminosities of 
cepheids and other variable stars. 

It is regretable that this most useful 
collection has taken so long to appear. 
The editor admits receiving most of 
the material in 1960, but several manu- 
scripts were delayed until 1962, post- 
poning the publication and requiring 
revisions to the early articles. However, 
major changes in the fundamental data 
now occur relatively slowly and this 
volume will remain an essential refer- 
ence for such information for many 
years.—-Donald C. Morton 


The Sun & the Amateur Astronomer by 
W. M. Baxter; 167 pages; $5.95; 
W. W. Norton & Co., 1963. 


The aim of this book, as stated by the 
author, is to draw the attention of 
amateur astronomers to the sun. This 
book fills a gap in astronomical litera- 
ture between technical books describing 
the work of professional observatories 
and books on general astronomy which 
briefly mention the sun as one of many 
celestial objects. Drawing upon his own 
experiences, Mr. Baxter communicates 
the great satisfaction gained from 
serious, systematic observations. He 
points out the excitement of watching 
the ever-changing panorama of solar 
activity and, most important, that 
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these observations can be made with 
simple, inexpensive equipment. 

In the first half of the book the author 
describes the sun in simple language and 
with numerous, original analogies. The 
simplicity of the explanations is such 
that the elementary school amateur 
can easily grasp the picture presented, 
and yet the style of writing is pleasant 
and interesting to the well-informed. It 
is & pleasure to see that the accuracy of 
the facts is ndt impaired by the transla- 
tion from technical to layman’s terms. 
The thoroughness of the description is 
also commendable. Some important 
facts and concepts are explained that 
even some ‘‘advanced” books overlook, 
and these are explained well without 
recourse to terminology which the 
novice might not understand. This com- 
bination of simplicity, interesting liter- 
ary style, thoroughness, and complete 
accuracy makes this book a valuable 
addition to astronomical literature. 

The second half of the book is con- 
cerned with the tools and methods of 
observation. It is very appealing to the 
beginner to see the emphasis on ex- 
tremely simple and inexpensive ob- 
serving aids. The description of instru- 
ments is confined to the very smallest. 
This is in contrast to descriptions for 
observing other heavenly bodies, which 
invariably frustrate the beginner and 
owner of small telescopes by including 
photographs or glowing descriptions of 
the superior views through large tele- 
scopes. Mr. Baxter ends his discussion 
of instruments with descriptions of his 
own modest equipment. 

The work of amateur astronomers 
would be more highly valued if all 
would adopt observing methods as 
exact and thorough as those described 
here by Mr. Baxter. The book carefully 
outlines how to make accurate measure- 
ments of sunspot areas and positions 
and how to keep precise records of all 
observations. The final pages of the 
book are devoted to solar photography, 
ending with a collection of splendid sun- 
spot photographs taken by the author 
with a 4-inch refractor. _ 

Mr. W. M. Baxter has been a member 
of the British Astronomical Association 
since 1932 and is now the secretary of 
the Association. 
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In summary, this reviewer is im- 
pressed by a book which accomplishes , 
its purpose so well.—Patrick S. Mce- 
Intosh 


Human Nature in Politics by J. C. 
Davies; 408 pages; $7.50; John 
Wiley & Sons, 1963. 


Davies sets as his task the specifica- 
tion of the ways in which the funda- 
mental conditions of human life affect 
man’s political behavior and political 
institutions. He begins by selecting 
(from Maslow) a set of basic human 
needs and analyzing their significance 
for such diverse phenomena as the rela- 
tive politicization of nations, the stabil- 
ity of hierarchical status structures, and 
the motives of political leaders. He 
discusses personal tensions and per- 
ceptual biases as forces in determining 
the opinions and actions of elites, and 
their contributions to political stability 
and change. 

Groups are analyzed in terms of a 
distinction between proximal and distal 
groups, with the assertion that “Rou- 
tine, everyday proximal group experi- 
ences, mainly by way of an individual’s 
family, are the most potent social in- 
fluences” (p. 189). The effects of 
families, political parties, religions, 
ethnic groups and status groups upon 
individual political behavior are as- 
sessed on the basis of this assumption. 
Davies concludes with provocative 
analyses of motives for identification 
with leaders, of the social origins of 
leaders, and of the conditions for major 
political change. 

This work is especially significant 
from two points of view. First, Davies 
has made a substantial attempt to work 
from empirically-based generalizations 
about human behavior. The gaps in our 
knowledge about crucial aspects of 
political behavior are thus made abun- 
dantly clear. The empirical base is 
strongest in his discussions of physio- 
logical needs and of the influence of 
groups. It is weakest in his discussions 
of cognitive and social needs, and of the 
origins and effectiveness of leaders. 
Happily, Professor Davies makes use 
of a literate and broad knowledge of 
political history to provide appropriate 
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This refreshingly new book one managerial and 
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new method for computing rate of return, and pre- 
sents the tirst adequate treatment of dual rates of 
return, [It features two methods for computing cost 
of capital and the classification of equipment as to 
economic life. Throughout the book, every princi- 
ee illustrated with examples and their solutions. 
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examples when empirical evidence is 
weak or missing. Second, he has offered 
an original and thought-provoking set 
of hypotheses about the constraints 
which ‘human nature” places upon 
political institutions. His work grapples 
intelligently with the central issues of 
political behavior, and can be recom- 
mended to any social scientist or edu- 
cated layman.—David O. Sears 


Passages From the “Idea Books” of Clark 
L. Hull. Perceptual & Motor Skills 
Monograph Supplement 9-V15, 1962 
by R. B. Ammons et al., 82 pages; 
$3; Southern University Press, 1962. 


This monograph adds three articles 
to the Psychology of the Scientist 
Series initiated by Ammons and Am- 
mons in 1962. Ammons furnishes back- 
ground information on the monograph 
and recalls Hull’s position in psy- 
chology. He describes the “passages” 
as “an intensely personal and private 
document, a kind of emotional and 
intellectual diary.” 

Ruth Hays masterfully details the 
setting in which Hull’s ideas were born 
during his last 22 years. Hull’s close 
associates will note how she has caught 
the true flavor of life in the Hull Unit. 
The descriptions sympathetically reflect 
the depth and greatness of Hull. Yet 
nowhere does Ruth Hays indicate the 
key role which she herself played in the 
Hull Unit during those productive 
years. 

The major portion of the monograph 
consists of excerpts or ‘‘passages’”’ se- 
lected by Ruth Hays from Hulls 
“Idea Books.” These 76 pages only 
hint at the contents of the entire set of 
75 books in which Hull recorded his 
personal thoughts and creative ideas 
over a period from 1902 to 1952. How- 
ever, the excerpts are so skillfully 
selected that one is able to trace much 
of Hull’s life from high school to within 
several months of his death. The major 
phases of Hull’s productive life are 
clearly outlined, including aptitude 
testing, the correlation machine, hyp- 
nosis, conditioning and the formula- 
tion of his systematic approach to be- 
havior theory. His contagious en- 
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thusiasm is very evident, but one also 
sees plainly the tremendous labor, the 
constant striving and the disappoint- 
ments which were so much a part of 
Hull. Throughout the passages one can 
feel Hull’s strong drive for success as 
well as his absolute devotion to and 
confidence in the scientific method. 
Occasional comments reveal Haull’s 
greatest fear, that senility or death 
would keep him from accomplishing 
all that he hoped. Í 

No doubt many readers will find thes 
passages so interesting that they will 
look hopefully toward the time when 
more of the contents of the “Idea 
Books” may become available. Cer- 
tainly this monograph should be on the 
list of required readings for every 
graduate student entering the field of 
experimental psychology.—C. T. Perin, 
Jr. 


The Design of Electric Circuits in the 
Behavioral Sciences by Tom CORN- 
SWEET; 329 pages; $8.95, John Wiley 
& Sons, 1963. 


The writer or teacher of medical 
electronics is faced with the necessity 
for making some prior judgments of the 
sophistication of his audience and the 
amount of information which he can 
reasonably impart to them relative to 
their needs. The author of this book has 
assumed that his reader has no prior 
knowledge and has produced a kind of 
preprimer of medical electronics which 
furnishes both a basic vocabulary and a 
primitive grammar. As such it is a 
useful addition to the scanty literature 
in the field. 

The danger in this approach is that 
the reader will derive a kind of pseudo- 
sophistication, the ability to provide 
“cookbook” instrumentation and a 
totally insufficient awareness of the 
precision, flexibility and enormously 
greater utility of more reasoned ap- 
proaches. 

The initial third of the book is de- 
voted to a basic and lucid treatment of 
electrical phenomena and laws. Two 
chapters on switches and related circuits 
stress mechanical components, are 
slanted towards operant conditioning 
circuits and ignore the digital logic ap- 
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proach and the variety of useful modules 
available from commercial sources. The 
function of counting is discussed in re- 
lay..terms while counting as a basic 
operation in timing is not presented. 
A short chapter on shock is generally 
adequate but there is insufficient men- 
tion of the necessary precautions to be 
- employed with human subjects. 

The final chapters of the book on 
amplifiers, feedback systems and sen- 
sors, which represent the materials of 
greatest interest to the behavioral 
scientist, are inadequately developed. 
Transistors are briefly mentioned but 
‘there is no discussion of the numerous 
uses for other members of the semicon- 
ductor family. 

This somewhat overpriced book pro- 
vides good basic information for the 
electronically naive but would be of 
questionable value to anyone other 
than the beginner.—Clinton Č. Brown 


Trends in the Mental Health Services, 
A Symposium, edited by H. Fremman 
& J. FARNDALE; 341 pages; $10; 
The Macmillan Company, Pergamon, 
1963. 


Recent years have seen a large in- 
crease in our optimism about treatment 
of the mentally ill and a comparable in- 
crease in the types and flexibility of 
services provided. The principal em- 
phasis has been on movement away from 


the traditional, isolated mental hos- ° 


pital pattern and toward the com- 
munity. The present symposium vol- 
ume reflects the intense British concern 
with these developments and their re- 
sulting debates on how best to direct 
them. 

The reader should not be put off by 
this being a symposium volume. Some 
papers are original, others reprinted; 
the whole hangs together better, without 


the usual symposium diffuseness, and is - 


more attractively printed and bound, 
than its average American counterpart. 
There is also a good deal more humor, 
sometimes playful, sometimes mordant, 
than we allow ourselves. This is a 
great relief. 

Many of the principal issues that in- 
volve psychiatric hospitals, general 
hospitals, community services for the 
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mentally ill, and day hospitals, are 
ably discussed and from diverse but 
related points of view. The general 
atmosphere is one of lively experimenta- 
tion. The articles’ considerable specific 
material concerning the background of 
British developments will be especially 
useful in making comparisons with our 
American situation. What the American 
reader will chiefly miss is any detailed 
discussions of the place of psycho- 
therapy in planning; nor are we given 
much in the way of dynamic interpreta- 
tions of treatment or administrative 
events. Both hiatuses reflect significant 
differences between American and Brit- 
ish psychiatry. 

The volume reminds us, however, that 
there are two facts equally true in both 
countries. The British, like ourselves, 
suffer from a grievous lack of manpower 
through much of their mental health 
work and from difficulties in financing 
that are only beginning to improve. 
The symposium convincingly illus- 
trates how far ahead of training and 
available funds are intentions, plans 
and enthusiasm. This is an account of 
valiant struggles to do much with very 
little —Leston & Nancy Havens 


Nuclear Research Emulsions, Vol. 1: 
Techniques & Theory by W. H. 
BARKAS; 518 pages; $18; Academic 
Press, 1963. 


The use of nuclear emulsions for de- 
tection of charged particles has evolved 
in the last decade into a sophisticated 
technique capable of providing quantita- 
tive information of high precision. In 
the hands of the particle and nuclear 
physicist this technique has had a very 
successful history. However, so far, 
the nuclear emulsion tool has not been 
widely adopted in other fields in the 
physical and biological sciences although 
it holds considerable promise of being 
valuable in a variety of applications. 
Perhaps this lack of familiarity with the 
technique may be attributed in part to 
the difficulty in acquiring the informa- 
tion necessary to master the art from 
the existing literature. This hurdle has 
now been overcome with the publica- 
tion of this excellent book on nuclear 
research emulsions written by one of 
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the outstanding authorities in the 
field. 

In this volume Dr. Barkas presents a 
complete and comprehensive treatment 
of the technique and theory of nuclear 
track emulsions. Tasks for which emul- 
sions are useful are discussed along 
with the advantages and disadvantages 
of the technique. The various types of 
emulsions commercially available, their 
physical properties and relative merits, 
are all discussed. There are chapters 
presenting in detail the theory of the 
latent image, processing procedures, 
and measuring equipment. About half 
of the volume is devoted to a thorough 
treatment of the measuring methods 
used to identify and determine the 
velocity of the particle whose path 
through the plate has been rendered 
observable by this photographic pro- 
cess. Each of these topics is first treated 
in an elementary way before being 
further developed in more sophisticated 
analysis. There is a considerable amount 
of new, unpublished material in the book 





as well as compilations of material 
widely scattered in the literature. 
Virtually everything that one would 
need to know to master this technique, 
as well as gain an understanding of the 
theory of the process, is given in this 
book. A second volume in preparation 
will treat in more detail the study of 
elementary particle physics with emul- 
sions. 

The particle or nuclear physicist al- 
ready using the emulsion technique will 
find this book invaluable, and probably 
has already obtained a copy. Rather, I 
would like to draw the book to the 
attention of researchers in the bio- 
sciences, earth sciences, and space sci- 
ences who are involved in problems of 
detecting charged particles. For those 
who wish to familiarize themselves with 
this technique and explore the possibili- 
ties of using it in their work, this book 
is highly recommended. For those re- 
searchers who would like to adopt this 
technique in their laboratory, this book 
is a necessity.— Oliver E. Overseth 
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The Process of Evolution by P. R. 
Eururce & R. W. Horm; 347 pages; 
$8.95; McGraw-Hill Book Co., 1963. 
(Ist publication in McGraw-Hill’s 
Population Biology Series). 


This book is an attempt to present 
the process of evolution rather than its 
end products. It is free from the 
belabored proofs that evolution has 
happened, which take up so much of 
other works in this field. In the middle 
sections of the book there is an ex- 
cellent, up-to-date, although simple, 
presentation of population ecology and 
genetics with most of the important 
recent work in genetic assimilation, dis- 
ruptive selection, meiotic drive, the 
founder effect, and patterns of spatial 
distributions. All the familiar cases, 
such as industrial melanism, polymor- 
phism in Cepaea and Drosophila, and 
Darwin’s finches are described. The 
prevailing views in the field are ac- 
cepted for the most part, although with 
some careful qualification. 

Controversial questions are generally 
by-passed, but there is a militant criti- 
cism of the biological species concept. 
It is clear that many organisms, in- 
cluding asexual clones, polyploid series, 
and composite organisms such as lichens, 
are not organized into Mayrian species. 
However, the authors insist that, even 
for sexual diploids, the determination 
of good species is extremely difficult, 
making the concept useless. This does 
not follow. If the biological species is a 
unit of evolutionary process then it must 
be recognized as an analytic entity even 
if the boundaries are necessarily fuzzy. 
Nobody will deny the existence of 
China and India even if their border is 
at least ambiguous. 

The interesting sections of the book 
are embedded in additional material 
for completeness, treating subjects fur- 
ther from the authors’ own areas of 
special interest by perfunctory sum- 
maries from the major texts. The dis- 
cussion of the origin of life is on the 
level of introductory biology courses 
and the paleontological discussion is 
straight Simpson, down to the ubiqui- 
tous graph on the survival of genera of 
land carnivores and pelecypods. In the 
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human evolution section, Coon’s no- 
tion of polyphyletic origins of Homo 
sapiens from H. erectus is uncritically 
accepted. 

The weakest part of the book is the 
discussion of social evolution. Here we 
find an oft-repeated sample of ‘last 
chapter” ideas many of which were in- 
troduced to anthropology by biologists, 
accepted in the border areas where 
ignorance provides license for uncritical 
speculation, and requoted by biologists 
from the anthropology texts. These 
cover the origins of agriculture and re- 
ligion, intergroup selection, selection 
against intelligence, a proposed role of 
love, sex, and kinship in the choice of 
political systems, and dubious parallels 
between biological and cultural evolu- 
tion (e.g., Hitler as a social mutant). 
The objection raised here is not to 
speculation, but to non-thoughtful spec- 
ulation of a kind that would be im- 
possible in the biologists’ discussion of 
Lamarckism or special creation. Thus, 
what could have been an excellent little 
book has been expanded into a less 
satisfactory full-length text-——-R. Levins 


Progress in Nucleic Acid Research, Vol. I 
of An International Series, edited 
by J. N. Davmson & W. E. Coun; 
424 pages; $18; Academic Press. 
1963. 


This book, the first in a series, pro- 
vides workers in the field of nucleic 
acids with opportunities for more per- 
sonal interpretation, discussion and 
speculation than is normally possible 
in review articles. Succeeding volumes 
will appear as sufficient material is 
gathered, and not according to arbi- 
trarily fixed dates of publication. 

The subjects covered by the first 
volume may be visualized from the titles 
of the articles: “Primer” in DNA 
Polymerase Reactions; The Biosyn- 
thesis of Ribonucleic Acid in Animal 
Systems; The Role of DNA in RNA 
Synthesis; Polynucleotide Phosphoryl- 
ase; Messenger Ribonucleic Acid; The 
Recent Excitement in the Coding 
Problem; Some Thoughts on the 
Double-Stranded Model of Deoxyri- 
bonucleic Acid; Denaturation and Re- 
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naturation of Deoxyribonucleic Acid; 
Some Problems Concerning the Macro- 
molecular Structure of Ribonucleic 
Acids; The structure of DNA as De- 
termined by X-ray Scattering Tech- 
niques; Molecular Mechanisms of Radi- 
ation Effects. The author or authors 
of each subject are leaders in their 
particular areas, and present a bird’s- 
eye view of the present status of our 
knowledge. Dut of the eleven articles, 
at least nine fulfill the editors’ inten- 
tion of seeking “expression of points of 
view that are perhaps controversial 
and certainly individualistic,” and offer 
stimulating reading. 

Among the numerous books appear- 
ing like “bamboo shoots springing out 
after a spring shower” on similar sub- 
jects, this volume occupies an unique 
position in that the information is 
thorough, reliable, and presented with 
abundant imagination and critical com- 
ments. The reviewer recommends the 
book highly and feels it will be extremely 
useful both for scientists at work in 
similar and related fields, and for stu- 
dents who seek sound, up-to-date know- 
ledge on these subjects.—Noboru Sueoka 


Introduction to Modern Biochemistry by 
P. Karson; (English translation of 
ard German edition, 1962, by C. H. 
Dogrine); 433 pages; $10; Academic 
Press. 1963. 


The author has attempted to pro- 
vide a concise introductory text which 
surveys the principal facts and ideas in 
biochemistry. This goal is essentially 
accomplished in the 24 chapters de- 
voted to a description of biochemical 
events at levels extending from the 
basic metabolic pathways to the special 
biochemical functions of certain organs. 
However, the objective of conciseness is 
attained at the price of excluding or 
devoting all too brief attention to 
several of the current exciting areas of 
research in biochemistry. For example, 
the reviewer could not find any dis- 
cussion of the enzyme control processes 
as feed-back inhibition or enzyme re- 
pression which are important in the 
control of microbial metabolism and 
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may also play a significant role in 
metabolism in higher organisms. In 
addition, several of the significant con- 
tributions to the study of gene action 
made by advances in microbial genetics 
are just briefly mentioned or presented 
in a manner which does not convey to 
the reader the excitement of achieve- 
ments in this area in recent years. To 
the book’s credit, however, the author 
has succeeded in treating the less spec- 
tacular subjects as the basic chemical 
properties of amino acids or simple 
sugars in a more dynamic manner. 
This more interesting presentation is 
partly due to the excellent illustrations 
which are found throughout the book. 
One of the illustrations involves a 
large fold-out chart summarizing the 
principal reaction pathways and their 
interactions. No attempt has been made 
to treat extensively the biochemical 
aspects of clinical problems and the 
methodology in biochemical research is 
discussed only in so far as it describes 
several of the newer important methods. 

In general, the author has done a 
commendable job in sorting out the 
enormous amount of detail associated 
with a description of the many areas of 
biochemistry and has provided a text 
which presents the principal facts and 
concepts in these areas in a concise and 
interesting manner. For this reason, 
the book is highly recommended to the 
beginning student of natural science 
as an introductory text to biochem- 
istry.— Donald R. Helinskt 


Comparative Endocrinology, Vol. I: 
Glandular Hormones, edited by U. 8. 
von Euuer and H. HELLER; 543 
pages; $20; Academic Press, 1963. 


Volume One is vertebrate endocrin- 
ology discussed from the comparative 
viewpoint. The book begins with a dis- 
cussion of hypothalamic control of the 
pituitary. This topic, of prime im- 
portance to all endocrinology today, is 
the most slighted of any topic discussed 
in the volume, only 18 pages, with no 
attempt to be comparative. There then 
follows a series of chapters on the usual 
categories of vertebrate hormones— 
neurohypophyseal, melanophorestimu- 


lating, female and male gonadal hor- 
mones, adrenocortical, thyroid, para- 
thyroid, and chromaffin cell hormones, 
insulin and glucagon. The book con- 
cludes with a chapter devoted to the 
comparative biochemistry of adeno- 
hypophyseal hormones and a chapter 
on the physiology of the adenohypophy- 
seal hormones. 

Each section is written by a promi- 
nent worker in that respective area. The 
authors have done a splendid job of the 
comparative approach with clear dis- 
cussions of the present state of knowl- 
edge or complete lack of it for each of 
the vertebrate classes. However, in 
some instances the authors have been 
rather selective both in subject matter 
discussed about a certain hormone and 
in the references employed. One some- 
times got the impression that he was 
reading a summary of summaries, 
which is not always extremely enlight- 
ening. It appears probable the authors 
may have been forced into this by a 
lack of space to review a literature which 
is colossal in scope. 

Despite the above objections to cer- 


tain presentations, this rat endocrinolo- 
gist, while reading this volume, learned 
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many amazing facts about the other 
vertebrates and was stimulated to think 
about some comparative approaches to 
his subject. The comparative material 
assembled in this volume will make it 
of value for many years to come.— 
Robert D. Lisk 


Advances in Enzymic Hydrolysis of 
Cellulose & Related Materials, edited 
by Euwyn T. Reese; 290 pages; $12; 
The Macmillan Co., Pergamon, 1963. 


This book represents an outstanding 
attempt to bring the current knowledge 
of biological cellulose decomposition 
into a cohesive and workable frame- 
work. Thirteen papers by leading people 
in this field are drawn together in an 
interesting and useful form. Each paper 
is independent of the others, but its 
position in the book has been grouped 
according to the main problems of 
cellulose decomposition. These papers 
successfully demonstrate the state of 

- the field up to this point. The problem of 
accessibility of enzymes to the cellulose 
in plant walls, the interference of sub- 
stances other than cellulose with the 
reaction, and the opposing problem of 
multiplicity of cellulose enzymes are 
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the main themes that underlie this 
organization. A number of theoretical 
projections are presented as to the na- 
ture of cellulose breakdown by enzymes. 
This makes the book equally useful to a 
theoretical chemist as to a technologist. 

This review will probably have some 
historical significance as a crystalliza- 
tion of thought prior to a major break- 
through in cellulose metabolism. It 
points out the many problems of cellu- 
lose metabolism and in some cases 
suggests their solution On one hand, 
there is a complex series of substrates 
and, on the other, an exceedingly com- 
plex series of enzymes. Another major 
problem is to obtain better methods of 
getting the enzymes directly from the 
cell before they are complexed and com- 
plicated by the action of proteinases 
and complexing polysaccharides in the 
external culture filtrate. 

Nowhere in the book is it suggested 
that the modern techniques of genetics 
might be applied to the solution of the 
multiplicity of cellulases. Certainly this 
is going to be necessary before one can 
say how many polypeptides are in- 
volved in each enzyme and how many 
structural genes are involved for the 
production of each cellulase. 

This book contains an extremely use- 
ful bibliography of the work between 
1950 and 1961 assembled by F. E. Cole 
and Kendall King. The bibliography 
alone is worth the price of the book— 
Bruce Eberhart 


Newer Methods of Preparative Organic 
Chemistry, Vol. II, edited by W. 
Forrst, translated by F. K. KIRCH- 
NER; 417 pages; $14.50; Academic 
Press, 1968. 


This volume is a selection of fourteen 
reviews on preparative organic and bio- 
chemistry which originally appeared in 
Angewandte Chemie. The use of the 
following compounds in organic syn- 
theses is discussed: acetoacetaldehyde, 
1,3-cyclohexanediones for preparing 
long-chain carboxylic acids, ethyl 2- 
cyclopentanonecarboxylate, ketene, and 
phenylsodium. The preparation of pep- 
tides and ureas using reactive amides 
or imides, the chemical synthesis of 
intermediates of carbohydrate metab- 
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olism, and the preparative and an- 
alytical importance of phosphines are 
reviewed. The reduction of carbonyl 
compounds with complex hydrides, oxi- 
dations with noble metal catalysts and 
lead tetraacetate, the alkylation of aro- 
matic amines and phenols with alkenes, 
and amidomethylation are included. 

The authors are well-known authori- 
ties in their fields and in most cases 
have covered the newer aspects of their 
subjects with clarity. The style and 
emphasis vary, ranging from purely 
theoretical discussions to the chapter on 
the continuous preparation of phenyl- 
sodium which is concerned with labora- 
tory details for the preparation and use 
of this material. 

Chapters on subjects which have been 
reviewed elsewhere have been limited 
to emphasizing recent trends. 

The discussion on amidomethyla- 
tion is one of the most interesting and 
shows that the reactions of some amides 
with formaldehyde to give N-hydroxy- 
methylamides can be utilized to prepare 
primary amines by condensations in 
acidic solutions. This is a versatile re- 
action which has only begun to be in- 
vestigated. Another outstanding re- 
view is on the preparation of long-chain 
carboxylic acids from 1,3-cyclohexane- 
diones. This chapter contains a number 
of tables and experimental examples. 

This book should have wide appeal.— 
Millard Maienthal 


Advances in Neuroendocrinology, 
edited by A. V. NALBANDOV; 525 
pages; $7.50; University of Illinois 
Press, 1963. 


This volume which is the result of a 
symposium held in Miami in December 
1961 represents a milestone in the en- 
docrinological literature of this country. 
It is the first American compilation of 
the field of neuroendocrinology and to 
achieve this end over forty scientists 
from Europe as well as America have 
contributed to the present volume. 

The emphasis throughout has been 
on the role played by the central ner- 
vous system in the regulation of endo- 
crine function. Starting with a survey 
of analyser-integrator systems that 
might be involved in endocrine phe- 


nomena, the discussion moves on to an 
analysis of hypophyseal vascularity 
followed by a section on the origin of 
the neurohypophyseal hormones. This 
is followed by a review of the role of 
the central nervous system in the regu- 
lation of the various tropic hormones of 
the pituitary. The physiology of the 
pituitary gland following stalk section 
or transplantation is then reviewed. A 
survey of the recent literature on the 
chemistry of neuroendocrine mediators 
of central nervous system origin is also 
included. 

Interactions between the brain, uterus 
and evary are ciscussed and the impor- 
tance of environmental factors is 
touched upon, especially the role of 
light in the neuroendocrine system. 
The ability of certain drugs to block 
neuroendocrine phenomena is discussed. 
Finally, the state of our knowledge on 
central nervous system regulation of 
endocrine function in the human is 
reviewed. 

The presentations are well written 
and the authors have made fairly ex- 
haustive reviews of their topics. In one 
case 700 references are listed. Thus, the 
bibliographic value of the volume in it- 
self is enormous. A good attempt has 
been made to present all sides of the 
story and point out where controversy 
exists. 

The only minor criticism that might 
be made is that the work included in 
this volume has already been pub- 
lished, so that the volume is in essence 
an excellent review of neuroendocri- 
nology until 1960. It might have been 
made even more stimulating by the 
authors including their current thoughts 
and attacks on the subject. 

For 2 reasonable understanding of the 
diversity of methods applied and the re- 
sults achieved in the field of neuroendo- 
crinology, this volume is a must.— 
Robert D. Lisk 


Polymer Single Crystals by Pamurp H. 
Grit; 560 pages; $16; John Wiley 
& Sons, Interscience, 1963. 


The discovery of chain folded polymer 
crystals in 1956-57 independently by 
Till, Keller and Fischer proved to be 
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more than just an exciting experimental 
event within the small world of polymer 
morphologists. Experimental and theo- 
retical workers from several related 
fields immediately joined efforts to dis- 
close the fundamental structural secret 
underlying the beautiful electron micro- 
graphs ef single crystals that were being 
published continuously in the scientific 
journals. This was the beginning of a 
revolutione in thinking which firmly 
placed the study of crystalline polymers 
in the domain of solid state physics. 
The complete record of this revolution 
is available for the first time in a 
thorough treatise by Geil. 


After a brief review of the appropriate 
instrumental techniques, Geil proceeds 
to discuss the whole spectrum of habits 
(single crystals, hedrites, sphérulites) 
exhibited by a great variety of synthetic 
polymers when they are crystallized 
both from solution and from the melt. 
The important operations of annealing 
and orientation are covered copiously 
in separate chapters. The two rival 
theories of chain folding (‘‘kinetic” 
and “equilibrium” theories) are ex- 
posed lucidly and their relative merits 
are assessed, leaving one with the im- 
pression that the kinetic theory appears 
to be carrying the day in the face of 
accumulating experimental evidence. 
Complete references, including most of 
the very recent ones, are given through- 
out the book (Geil’s inclusion of the 
titles of articles to which reference is 
made is very useful and is commonly 
practiced only by authors and pub- 
lishers in the Biological Sciences). 
The quality of reproduction of the 
numerous photographs is high. 

Aside from some rather casual refer- 
ences (e.g., p. 303), the vast field of 
crystallization of natural polymers is 
omitted. To this reviewer, the omission 
is symbolic of a reversal in attitude: 
Prior to the 1950’s, concepts of mo- 
lecular organization in synthetic poly- 
mers were largely derived from earlier 
work on naturally occurring semicrys- 
talline fibrous materials (keratin, cellu- 
lose, silk). It would seem to me now 
that recent discoveries made on syn- 
thetic polymers, particularly since the 
unequivocal establishment of chain 
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folding, should have significant bear- 
ing on the understanding of the erys- 
talline structure of proteins and related 
macromolecules. In this respect, Geil’s 
authoritative book could be read profit- 
ably by molecular biologists and bio- 
physicists.—J. B. Yannas 


Plant Metabolism by G. A. STRAFFORD; 
152 pages; $2.75; Harvard Uni- 
versity Press, 1963. 


What the Harvard University Press 
regards as “an authoritative and up-to- 
date account of plant metabolism” is a 
very disappointing book. Although the 
publication date of this book is June 
1963 there is no significant account of 
plant metabolism since 1959. One 
gathers from the introduction that the 
book was written for advanced high 
school students in England primarily 
beeause the University Entrance and 
Scholarship examiners frequently pro- 
tested that they received ill-digested 
and poorly understood accounts of 
modern theories. In spite of such a 
statement the author has put together a 
very uninteresting account of certain 
aspects of plant biochemistry and 
physiology which is sadly out-of-date 
and strewn with misconceptions and 
errors. 

In all, there are six chapters: “‘General 
Biochemical Principles,” ‘‘Photosyn- 
thesis,” “Nitrogen Metabolism,” Min- 
eral Nutrition,” “Translocation” and 
“Respiration.” The last five of these lack 
information on the role of the chloro- 
plast in photosynthesis, the role of 
DNA in protein synthesis, the nature of 
the cell membrane and its role in mineral 
nutrition and translocation, mitochon- 
dria and localization of enzymes as- 
sociated with the respiratory process. 
The author frequently refers to isotopes 
of carbon and nitrogen without out- 
lining the methods by which they are 
measured in studies on metabolism. 
In fact little is said of the role of modern 
techniques in furthering our knowledge 
of plant metabolism. 

Finally, the cover of the book por- 
trays an organic chemical structure con- 
taining a trivalent H atom. It is sur- 
prising that the Editorial Board of 


the Harvard University Press accepted 
such a text for publication and one can 
only wonder who was responsible for 
the cover.—Raymond F. Jones 


Restoration of Function After Brain 
Injury by A. R. LORIA; 277 pages; 
$10; The Macmillan Co., Pergamon, 
1963. 


This book is translated from the 
Russian. It was originally published in 
1948. It is based on material collected 
during and after the Second World War, 
by what is now the Institute of Neu- 
rology, Academy of Medical Sciences of 
the U.S.S.R. It is devoted to the anal- 
ysis of the mechanism of disturbance 
of complex systemic functions by local- 
ized injuries of various parts of the 
brain and to the study of the different 
types of rehabilitation training which 
must be given to encourage the com- 
pensation of the resulting disability. 
Three types of restoration of brain 
function are distinguished. First by de- 
inhibition of temporarily depressed 
functions, secondly by the use of sub- 
stitution of the opposite hemisphere and 
thirdly by the radical reorganization of 
functional systems. Other things being 
equal, the success of restoration of func- 
tion depends on the severity of the 
brain wound, the volume of brain tissue 
affected, and the presence of complica- 
tions on one hand, and the age and 
state of the brain before injury on the 
other. The preservation of a steadfast 
and intensive motivation, stabilizing 
the patient’s inclination to work on the 
compensation of his defect is a further 
and important factor for the successful 
restoration of disturbed function. 

There are many theoretical considera- 
tions that are difficult to accept. The 
successful treatment of some patients 
with prostigmine is almost too good to 
believe, and has not been borne out by 
similar trials in this country. However, 
it is an excellent attempt to explain on a 
physiological basis, how function is or 
can be restored following brain injuries, 
and it would be well worthwhile for 
all working in this field to read —Preston 
Robb 
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Patrol (CAP) of interceptor air- 
craft having known performance, 
carrying weapons of known types 
and radar of known range, deter- 
mine the most effective and econom- 
ical combination of these aircraft 
and their weapons and sensors to 
provide the greatest degree of pro- 
tection for a fleet. 


This is an example of the challeng- 
ing tasks assigned to the Center for 
Naval Analyses of The Franklin 
Institute. 


CNA analysts devised a graphic 
technique for examining various 
combinations of the factors. It 
incorporated such data as aircraft 
speeds and altitudes available, num- 
ber and locations of CAP stations, 
and the types of weapons involved. 
In addition to its initial purpose, 
the method can be used to help 
determine the composition and dis- 
position of task forees, to compare 
effectiveness of different intercept 
tactics, and to find the location from 
which a given CAP is best able to 
defend a task force at sea. 


CAREER OPPORTUNITIES with CNA 
are now available for Operations 
Analysts, Mathematicians, Physi- 
cists, and Engineers. For additional 
information, write: 

Director 

CENTER FOR NAVAL ANALYSES 
Dept. AS 

1710 H St., N.W., Washington, D.C, 


CNA 


CENTER FOR NAVAL ANALYSES 
OF THE FRANKLIN INSTITUTE 


OEG - OPERATIONS EVALUATION GROUP 
INS « INSTITUTE OF NAVAL STUDIES 
NAVWAG + NAVAL WARFARE ANALYSIS GROUP 


An equal opportunity employer 
219A 


Introduction to Geological Microbiology 
by S. I. Kuznetsov, et al., translated 
from the Russian by Pau T. Bro- 
NEER, edited by Cart H. Opprn- 
HEIMER; 252 pages; $8.95; McGraw- 
Hill Book Co., 1968. 

This is an account of the occurrence, 
growth requirements, and biochemical 
activities of bacteria and allied miero- 
organisms in sedimentary deposits, 
ground waters, and elsewhere in the 
crust of the earth. Discussed are various 
ways in which such microorganisms af- 
fect conditions and the diagenesis of 
organic compounds as well as many 
minerals in geological formations. Most 
thoroughly treated is the role of bacteria 
in the formation and modification of 
sulfur deposits, including sulfide ores. 
Shorter chapters are devoted to the 
geomicrobiology of iron ores, ground 
waters, and fossil fuels. Economic ap- 
plications and implications of the geo- 
chemical activities of bacteria are out- 
lined in a 20-page chapter. Only four 
pages are devoted to stating the prob- 
lems and outlining the methods of 
geomicrobiological research. 

A vast amount of widely scattered 
information on an important subject 
is brought together in this volume, 
which will be of interest to many micro- 
biologists, geologists, chemists, engi- 
neers, and others. It is an excellent 
English translation of the original 
Russian version published in 1962. 
The addition of an index and several 
explanatory notes by the editor en- 
hances the usefulness of the book. 
The extensive bibliography, complete 
with titles, is worth the price of the 
book. Of the 392 references, 280 are 
by Soviet authors. The senior author, 
Kuznetsov, has been publishing papers 
on the part played by bacteria in the 
modification of soils, sediments, ground 
waters, mineral ores, and fossil fuels 
for more than 30 years. His own ex- 
tensive observations coupled with those 
of his colleagues and the published 
findings of many other workers have 
been summarized in a succinct and 
scholarly manner. Less chauvianistic 
than many Soviet scientists, the authors 
are as critical of the work of their com- 
patriots as of western scientists — 
Claude E. ZoBell 
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The Evolution of the Metazoa by J. 
Havz1; 499 pages; $14; The Mac- 
millan Co., Pergamon, 1963. 


It is a welcome event when an hy- 
pothesis, grown fat and complacent 
through widespread acceptance and thus 
having gained the stature of a ruling 
theory, is boldly challenged. Hadzi’s 
book thus challenges the more general 
views on the family tree of animal 
phyla. He and Stembéck have cast the 
gauntlet before; the book at hand is an 
extensive and mature, though partisan, 
discussion of the problem. 


Basic to Hadzi’s views is a complete 
break with the Haeckelian approach 
which has continued to permeate most 
evolutionary schemes: To Hadzi, cleav- 
age patterns and larvae are simply ways 
of developing an adult organism, and 
are just as subject to divergent, par- 
allel, and convergent evolution as are 
the adults. Thus there is no room in his 
scheme for a gastraea theory, a planula 
ancestor, and similar Precambrian phan- 
toms. 

The sponges (Parazoa) are seen as an 
independent metazoan branch, de- 
veloped from colonial flagellates. The 
Eumetazoa, on the other hand, are 
derived from ciliate-like ancestors. Cili- 
ates are held to be not “unicellular” 
but hermaphroditic ‘“polykaryons,” 
showing the beginnings of a three- 
layered body which characterizes the 
Eumetazoa. Evolution is supposed to 
have proceeded through the plasmodial, 
acoelous Turbellaria to the “higher” 
members of this group, and thence on- 
ward to the remainder of the “phylum 
Ameria,’ and the remaining three 
phyla-Polymeria, Oligomeria, and Chor- 
donia. 

The Radiata (Coelenterata (= Cni- 
daria) and Ctenophora) are demolished 
as a group: Cnidaria and Ctenophora 
are basically bilateral and have de- 
veloped a somewhat radial symmetry in 
adaptation to their sessile mode of life 
(a view supported by the fossil record). 
Both are independently derived from 
the Turbellaria. The cnidarian polyp is 
held to be the basic form, not the 
medusa, and a good case is made for 
considering the Anthozoa as the more 


“primitive,” the Hydrozoa as the most 
divergently evolved cnidarians. Cnidar- 
ians and Ctenophores are evolutionary 
blind alleys. 

In the phylogeny of the higher in- 
vertebrates, Hadži shows little patience 
with the traditional importance at- 
tributed to the “coelome,” which is 
held to be a basket term for various in- 
dependently evolved cavities, to the 
derivation of the mesoderm, and to the 
division into Protostomata and Deutero- 
stomata. 

The strongest argument which can be 
advanced against Hadzi’s scheme is the 
occurrence of cell cleavage—and of a 
particularly elaborate kind—in the 
turbellaria embryo, even in those 
turbellarians which then become plas- 
modial (insofar as they have been 
studied). The significance of this is, at 
present, largely a matter of faith. 

This is the summation of the work 
and thought of one of the Masters of 
Invertebrate Zoology. In taking issue 
with all of the other schemes which have 
been seriously proposed, it high-lights 
-many aspects of zoology. It tends to 
stray from its topics, is repetitive, and 
would be more effective at half its 
length, but it is elegantly written and 
translated —A.G. Fischer 


Optimum Design of Digital Control 
Systems by Juurus T. Tou (Vol. X of 
Mathematics in Science and Engineer- 
ing; RICHARD BELLMAN, Series Edi- 
tor); 186 pages; $7; Academic Press, 
1963. 


The book presents the method of 
dynamic programming as a tool for the 
design of optimal digital control sys- 
tems. Because of the particular problem 
considered, dynamic programming has 
certain advantages over other tech- 
niques such as the Maximum Principle 
and calculus of variations. The char- 
acteristics which strongly suggest the 
use of this method are the discrete time 
nature of the systems and the use of 
quantized control signals. It is a well- 
written book, suitable for students and 
specialists in the field of digital system 
design. There are problems (but no 
answers) included for students and some 
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discussion of computational aspects of 
the problems. 

Much of the work reported in the 
book represents research results by 
Professor Tou and his students. The 
material was available in their reports 
and technical papers at an earlier date 
but the Book gives a unified presenta- 
tion of their results. Specifically, the 
topics covered include general principles 
of optimal design, optimal control for 
multivariable processes, optimal control 
for processes with inaccessible state 
variables, optimum estimation of state 
variables, optimum control for random- 
parameter processes, design for optimum 
quantization and time responses for 
optimum quantized systems. 

The printing of the book is satisfac- 
tory despite several typographical er- 
rors. One drawback of the book as a 
text for a course is inadequate reference 
to the literature concerning specific 
mathematical results. Properly inter- 
preted by a teacher, this should not 
provide significant difficulty. The scope 
of the book makes it suitable for part of 
a graduate course in modern control 
theory if supplemented by appropriate 
reference material.—Stephen J. Kahne 


The Moon, Meteorites & Comets, Vol. IV 
of The Solar System, edited by B. 
M. Mipptenurst & G. P. KUIPER; 
810 pages; $15: The University of 
Chicago Press, 1963. 


The present volume is the fourth of a 
series entitled The Solar System and the 
second edited by the team of Kuiper 
and Middlehurst. 

There are twenty-two chapters in this 
long book. Five chapters deal with the 
moon, six contain discussions of dis- 
tributions of meteorites on earth and 
meteoritic craters, while three chapters 
are concerned with the physies, chemis- 
try, ages, and evolutions of meteorites. 
Chapters 15 though 20 discuss comets, 
their orbits, structure, dynamics, and 
origin. The last two chapters are on 
meteors and interrelations between 
meteors, meteorites, and comets. 

The mark of a good book of this type 
is the skill with which it is put to- 
gether. Of the four current volumes of 
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this series, this one was undoubtedly 
the most difficult to design, for it covers 
three major, independent fields of study, 
yet the information gained in each 
field often has some direct bearing on 
the other disciplines. 

There isn’t a weak paper in the group. 
Each chapter is by a recognized author- 
ity, often by a pioneer in the field. A 
high level of scholarship is regularly 
demonstrated, coupled with an ability 
to write so that the nonspecialist can 
understand. 

Solar-system astronomy is moving so 
rapidly that there are often hundreds of 
references on each obscure point. It is 
becoming evident that collections such 
as these are of prime importance to the 
specialist in relating his work to that in 
associated fields. It is still more evi- 
dent that the dilettante or professional 
in other lines can in no other way gain 
as broad a picture of solar-system as- 
tronomy. 

The Moon, Meteorites and Comets is 
highly recommended to all interested in 
our solar system. The four volumes of 
this set already published and the 
fifth, which will be soon issued, will 
make a valuable reference set for many 
years to come.-~Ralph B. Baldwin 


Steroid Reactions: An Outline for Organic 
Chemists, edited by C. DJERASSI; 
657 pages; $9.75; Holden-Day, Inc., 
1963. 


The chemistry of steroids, unlike that 
of the alkaloids, offers an unusual field 
for exploration of specificity of many 
reagents and diverse transformations 
because of the common rigid ring 
skeleton found in the entire class. 
Such a rigid framework offers the 
possibility of carrying out selective 
changes at multiple sites uninfluenced 
by each other. The volume under re- 
view is a compilation of the common 
steroid reactions organized to emphasize 
their selectivity, mildness of conditions 
or superiority in yields. 

Fourteen different chapters cover the 
following reactions: protection of car- 
bonyl and hydroxyl groups, selective 
oxidations and selective reductions, in- 
troduction of fluorine into the ring 


system, preparation of alpha halo ke- 
tones and their dehydrohalogenation, 
introduction of double bonds, the 
Birch reduction, other metal-ammonia 
reductions, photolytic preparative meth- 
ods, selective aromatizations, conver- 
sion of 20-ketosteroids into 17-keto- 
steroids, ring contraction of steroids, 
insertion of heteroatoms into the ring, 
preparation of alpha hydroxy and alpha 
acetoxy ketones and formation of 
epoxides and episulfides. 

The subject matter is covered almost 
exclusively by structural formulae ex- 
cept for brief introductory discussions 
at the beginning of each chapter. A 
welcome feature in this compilation is 
the indication of reactions which fail, 
with reasons for such failure. 

As Professor Djerassi has aptly re- 
marked in his introduction to the book, 
this book would be highly valuable when 
used in conjunction with Fieser and 
Fieser’s Steroids.—B. 8. Thyagarajan 


Symposium on Marine Microbiology, 
edited by CARL H. OPPENHEMER:; 
769 pages; $22.50; Charles C 
Thomas, 1968. 


The marine environment is the most 
extensive one available to living things 
on this planet. In the oceans, primary 
production, as well as degradative ac- 
tivity, is carried out almost entirely by 
microscopic organisms. Thus, marine 
ecology starts and ends as marine micro- 
biology. 

In April 1961, a first Symposium on 
Marine Microbiology was held in con- 
junction with the sixty-first annual 
meeting of the American Society of 
Microbiologists. More than sixty of the 
world’s workers in the field of marine 
microbiology contributed, and the re- 
sulting published volume gives a good 
sampling of activity and trends in re- 
search at that time. 

The editing and organizing done after 
the meeting delayed publication until 
two years after the symposium was 
held. The result appears to justify the 
time spent, as it is relatively free from 
the disjointedness often found in such 
volumes. The scope and comprehen- 
siveness of the book recommend its use 
as a text or as supplementary course 
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reading. Workers in other fields will 
find it a convenient introduction to re- 
cent research in this area. 

The sixty-six “chapters,” i.e., papers, 
which comprise the volume are divided 
into an introduction and six sub-head- 
ings titled: “The Producers and Their 
Relation to the Chemical and Biological 
Environment,” ‘“Geomicrobiological Ac- 
tivities of Marine Microorganisms,”’ 
“Ecology of Algae, Protozoa, Fungi and 
Viruses,” “Heterotrophy in Marine 
Microbiology,” “Distribution and Func- 
tion of Marine Bacteria,” and “Marine 
Bacteriology and the Problem of 
Mineralization.” 

The literature citations from the 
various papers are relisted alphabeti- 
cally in an appendix as a combined 
bibliography of over eight hundred en- 
tries which could serve as a good intro- 
duction to the literature of the field.— 
William S. Maddux 


Principles of Paleoecology (An Introduc- 
tion to the Study of How & Where 
Animals & Plants Lived in the Past) 
by D. V. Acer; 371 pages; $10.75; 
McGraw-Hill Book Co., 1963. 


Dr. Ager has produced, within the 
narrow limits of some 300 or more pages 
of text, an admirable survey of the 
state-of-the-art in paleoecology. The 
book begins with a brief, general consid- 
eration of the subject. It then turns to 
autecologic interpretation and deals 
successively with interpretation from 
living relatives, from morphology, from 
orientation, from fossil associations, 
from evidences of activity, from sedi- 
mentary associations, from lateral varia- 
tion and geographic distribution of 
single taxons, and from changes in 
habitat, Ager then discusses synecologic 
problems and various modes of inter- 
pretation including comparison with 
living assemblages, geological criteria, 
density and diversity, interspecific in- 
terrelationships, and the temporal and 
spatial distribution and changes in as- 
semblages. He concludes with an anal- 
ysis of several paleoecological syn- 
theses. 

The text is complemented by two 
useful appendices, a glossary and a 
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field questionnaire, and by a compre- 
hensive bibliography. Ager emphasizes, 
throughout, the analysis of examples and 
draws from these a statement of in- 
terpretative methods that is far more 
comprehensive than any available here- 
tofore. His expression of examples and 
methods is clear and effective. 

To this reader the deficiencies of the 
book, both as a scientific review and as a 
possible text, are in the explicit avoid- 
ance of principles in spite of the title. 
Although this lack of grand design re- 
flects truthfully the present status of the 
discipline, I regret that he did not see 
fit to express himself on principles, how- 
ever tentative such statements would 
be. In the absence of such an attempt, 
the book tends to break down into a 
series of distinct and isolated discus- 
sions of interpretative approaches, and 
the concluding chapter on paleoecologic 
synthesis fails to attain the desired in- 
tegration. Even accepting Ager’s rejec- 
tion of a theoretical approach, a more 
complete analysis of fewer examples 
might be a more effective pedagogic 
approach. 

These criticisms, however, are ob- 
viously an expression of a personal 
bias, and Ager has achieved an admir- 
able work within the scope of his de- 
fined goals.—-.J ames R. Beerbower 


Pharmacology of Carotid Body Chemo- 
receptors by S. V. Anicnxov & M. 
L. Brien’ku, translated by R. 
CRAWFORD; 225 pages; $8.50; Mac- 
millan Co., Pergamon, 1963. 


This is an excellent book in which the 
pharmacology of the carotid body 
chemoreceptors is treated extensively. 
A good deal of the information available 
in this book comes from work done in 
Professor Anichkov’s laboratory over a 
period of many years. Bibliographical 
references to Western literature are 
ample; there is, however, emphasis in 
the quotation of Soviet authors. This 
emphasis should be welcome to Western 
readers since a number of the periodicals 
quoted have been available only in the 
Russian language until very recently. 
This fact may explain why, in recent 
reviews on the pharmacology of carotid 
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body chemoreceptors, earlier work by 
Soviet authors has been neglected. 

The book is divided into nine chap- 
ters starting with one devoted to the 
effects of poisons which produce tissue 
hypoxia; it is followed by two chap- 
ters; one pertains to the action of sub- 
stances affecting cholinergic and adren- 
ergic processes and the other to the ef- 
fects of other pharmacological agents. 
These chapters are followed by others 
which deal with some theories on the 
mechanism of chemosensory excitation 
where some biochemical mechanisms, 
possibly responsible for excitation in 
these receptors, are well treated. This 
is a valiant effort, since the biochemical 
mechanisms which may elicit activity 
in these receptors are practically un- 
known. The book ends with one chapter 
devoted to some special concepts of the 
authors related to the initiation of the 
chemosensory discharges followed by a 
chapter dedicated to reflex effects in- 
duced by stimulation of these receptors. 

In general, the book is a balanced 
one, where the authors’ concepts about 
excitation mechanisms are evolved from 
the experimental data and reached with 
restraint. Excessive speculation is 
clearly avoided. As far as this reviewer 
is concerned, this book is probably the 
most extensive and well-documented 
treatise on the pharmacology of these 
receptors. It is not a mere review where 
work of different authors is frequently 
presented in sequential and, at times, 
uncritical fashion. Presentation of work 
done by others, together with the 
authors’ own experiments, makes the 
end result an enjoyable one, since the 
writers know the field well indeed. 
In short, this book ought to be con- 
sulted by all persons interested in the 
subject.—-C. Eyzaguirre 


Structure & Ultrastructure of Micro- 
organisms (An Introduction to a 
Comparative Substructural Anatomy 
of Cellular Organization) by E. M. 
BRIEGER; 327 pages; $10; Academic 
Press, 1963. 


The title of this book promises a broad 
view in 2 growing field and one that 
taxes the powers of assimilation and ex- 
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position of any one person. Dr. Brieger’s 
noble enthusiasm does not, alas, protect 
- his book from superficiality, obsoles- 
cence and redundancy. Throughout, 
there is a wasteful overlapping with sev- 
eral review articles on bacterial organiza- 
tion without reference or a crystallization 
of views; the more puzzling because the 
same publisher commissioned several of 
them. A consideration of comparative 
cytology and the “concept” of a bac- 
terium without reference to several not 
so new essays (especially those of 
Stainer and van Niel) seems to us 
less than complete. The comparative 
aspect, which justifies “microorganisms” 
in the title, is a textual patchwork 
largely concerning functional elements 
and with viruses in an appendix by 
Horne and Waterson (useful but limited 
in scope to symmetries and subunits in 
negative staining). It is curious to find 
a discussion of chloroplasts and pre- 
plastids in plant cells but no considera- 
tion of the reasonably well-known organ- 
ization of photosynthetic apparatus in 
particular bacteria and the blue-green 
algae. The text and illustrations of the 
chapter on spores seem to show 2, re- 
grettable lack of familiarity with the 
revealing sequence of events in sporula- 
tion set forth by Fitz-James. Al- 
though many illustrations are com- 
pelling and adequately reproduced there 
are many redundancies (e.g., Figs. 31c, 
38a and b) and there are disturbing 
choices (such as Figs. 14 and 15a of 
chromosomes and Fig. 54 of shadowy 
leprosy bacilli) that do not encourage 
confidence in the superior resolution 
offered by the electron microscope. Alto- 
gether, this text has its charms as a 
lively, annotated scrapbook but it can 
not be recommended as a reliable and 
up-to-date guide—C. F. Robinow, R. 
G. E. Murray 


Color: A Guide to Basic Facts and Con- 
cepts by R. W. BURNHAM, et al.; 249 
pages; $9.25; John Wiley & Sons, 
1963. 


The authors of this volume were mem- 
bers of a subcommittee of the Inter- 
Society Color Council charged with the 
task of preparing a statement of “the 
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basic principles which should be in- 
cluded in any elementary teaching of 
color.” The book is meant to be used 
primarily by teachers of courses on 
color vision who are themselves not ex- 
perts in the field, and by students who 
have already taken such courses. Many 
aspects of color are considered, among 
them the physics of light, the visual 
system, normal and abnormal color 
vision, photometry, colorimetry, and 
experimental color aesthetics. 

One novel feature of this book is its 
strict outline form. The text consists 
literally of series of numbered state- 
ments, most of them only one sentence 
long. The outline form presumably was 
intended to aid the reader in finding 
specific points of interest and to show 
him more clearly the hierarchical in- 
terrelation of a large variety of facts 
and concepts. In both respects, this 
reader found, paradoxically, that this 
form of organization is inferior to the 
more conventional paragraph form, 
particularly when generous subhead- 
ings are employed. 

The authors’ explicit intent was to 
confine themselves to the established 
facts of color vision, and to related 
definitions and terminological con- 
ventions. They avoid conjectures, specu- 
lations and hypotheses almost com- 
pletely. Theories of color vision are 
dealt with, but only in nme short 
pages relegated to a section entitled 
“Marginal Facts.” Some readers may 
well feel that “facts” cannot be profit- 
ably divorced from ‘‘theories,” and 
that terminological definitions devoid 
of historical and theoretical content 
often appear unduly arbitrary. 

Nevertheless, this concise and com- 
prehensive survey of color vision will 
be most useful to teachers and beginning 
students of the subject, particularly the 
former. Its value is greatly enhanced by 
a profusion of tables, figures, and refer- 
ences to readily available primary and 
secondary sources.—J acob Nachmias 


Biographical Memoirs of Fellows of The 
Royal Society, 1963, Vol. 9; 321 pages; 
$6; The Royal Society, London, W.1. 


This most recent volume underscores 
the great losses to science which have 


recently taken place. Niels Bohr, 
Charles Galton Darwin, Ronald Aylmer 
Fisher and Otto Maass, our Canadian 
neighbor, are among those of interna- 
tional fame whose passing away makes 
modern physics, statistics, genetics and 
physical chemistry the poorer. The 
reviewer records, in addition, losses 
personal to himself: W. T. Astbury in 
fiber crystal analysis, James I. O. Mas- 
son a contemporary in physical chemis- 
try, who went on to a Vice-Chancellor- 
ship at Sheffield, M. W. Travers, collab- 
orator, at the turn of the century, of 
Ramsay in the discovery of krypton and 
biographer of Ramsay, who spent long 
fruitful years subsequently, at Bristol, 
until his ninetieth year. The memoirs 
have an eminent panel of writers, in- 
cluding J. D. Bernal, Sir John Cockcroft, 
Sir George Thomson, E. A. Flood, a 
colleague of Maass, E. L. Hirst, Sir 
John Boyd, C. E. H. Bawn, with a final 
memoir by Lord Adrian of the noted 
historian, George Macaulay Trevelyan. 


Problems in Quantum Mechanics by V. 
I. Kogan & V. M. GALITSKIY; 
(Translated by Scripta Technica, 
Inc.); 369 pages; $11.85 trade edi- 
tion; Prentice-Hall, 1963. 


Almost every one of the 164 problems 
in this book are substantial enough to 
require several hours of effort. The level 
of difficulty is that of a first, serious, 
year-long, physics course in quantum 
mechanics—that generally given to 
senior or first year graduate students in 
physics departments. Topics are in non- 
relativistic quantum mechanics and in- 
clude operators, barrier penetration, 
matrix mechanics, addition of angular 
momentum, time-dependent perturba- 
tion theory, W. K. B. method, atoms 
and molecules, collisions and isotopic 
spin. The present problem set is quite 
similar to the other Russian quantum 
mechanics problem book, I. I. Gol’dman 
and V. D. Krivchenkoy (Pergamon 
Press, 1961), both volumes being a 
worthwhile addition to a text such as 
Landau and Lifshitz (Pergamon Press, 
1958).—Leland C. Allen 


CONTINUITIES IN 
CULTURAL 
EVOLUTION 


by Margaret M ead 


This latest volume in the Terry Lectures is a 
significant contribution to the contemporary 
dialogue on the nature of human participa- 
tion in the evolutionary process and the 
place of the individual in history. It pro- 
vides a new context for considering both 
impersonal processes in the development of 
civilization and the role of individual genius 
in cultural innovation. The analysis focuses 
on cultural transmission through the senses, ` 
and the role of the fully identified group of 
individuals in purposeful innovation. To 
illuminate the problems of moving toward 
conscious cultural evolution, Dr. Mead draws 
on forty years of experience with direct obser- 
vation of primitive peoples and with the 
application of anthropological insights to 
contemporary society. $8.50 


HANDBOOK OF. 
NORTH AMERICAN BIRDS 


edited by Ralph S. Palmer 


"Americans need no longer look with envy 
at the British Handbook. We now have 
the finest handbook in the world, one that is 
almost certain to force our friends across the 
sea to revamp their own.’ =" l 
Roger Tory Peterson, Audubon Magazine. 
$15.00 


ATOLL ENVIROMENT 
AND ECOLOGY 


by Herold J. Wiens 


"Ia his volume, Mr. Wiens attempts to as- 
semble and synthesize both old and new data. 
In this difficult task he has achieved consider- 
able success. His deep interest in atolls is 
contagious and anyone, whether or not he has 
visited an atoll, will find this book intrig- 
uing.” —American Scientist. 

: $15.00 
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Biology of Birds by WesLeyY E. Lanyon; 
175 pages; $3.95; The Natural His- 
tory Press of Doubleday & Co. for 
the American Museum of Natural 
History, 1964. 


The amateur whose interest in birds 
is evolvigg beyond the stage of field 
identification will find this small book a 
stimulating introduction to avian bio- 
logy. Although not intended as a text- 
book, at least at the college level, the 
high school science teacher could readily 
utilize it as the core for an introduction 
to vertebrate biology. 

The author, a curator at the American 
Museum of Natural History, has drawn 
heavily on the material presented in 
that institution’s superb Sanford Hall 
of the Biology of Birds, but he has also 
updated information and examples 
where necessary. Covered are such 
topics as the origin and evolution of 
birds, classification, flight, migration, 
distribution, anatomy, physiology, 
vocalization, ethology, and population 
dynamics. These topics are illustrated 
by sixty-four line drawings. The text is 
brisk and uncomplicated, but interest- 
ing and accurate. 

Biology of Birds is the best of the 
introductory books yet written and may 
be recommended without qualification 
to the audience for which it is in- 
tended. ~-Raymond A. Paynter, Jr. 


The Chemisiry of Nucleosides & Nucleo- 
tides by A. M. MICHELSON; 622 pages; 
$18.50; Academic Press, London, 
1963. 


Published work on the chemistry of 
nucleotide derivatives is now so ex- 
tensive that reviews are becoming in- 
creasingly important for following re- 
search in this field. Several excellent, 
though specialized, books have been 
written for this purpose and, with re- 
servations, Michelson’s volume can be 
classed with them. 

After a brief introduction, there are 
three chapters on the chemistry of 
nucleosides, nucleotides, and nucleoside 
polyphosphates including coenzymes. 
The isolation, proof of structure, and 
properties of the substances are de- 
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scribed, followed by a critical evaluation 
of the methods used for their synthesis. 
Most attention is given to the synthetic 
problems and reasonably complete dis- 
cussion of the methods and their chemi- 
cal mechanisms is presented. The path- 
ways for biosynthesis of nucleotide de- 
rivatives are briefly considered in Chap- 
ter 5, which also includes detailed con- 
sideration of acylation and alkylation 
by phosphate esters and anhydrides, in 
order to suggest general mechanisms for 
the enzymic reactions. These considera- 
tions are a valuable summary; the 
author, here, limits documentation to 
other reviews. The remaining half of the 
book takes up nucleic acids, including 
chemical synthesis, organic and physical 
chemistry, and informational properties 
of these polymers. The physical chemis- 
try chapter is somewhat superficial, 
and the last chapter, on biology, is in- 
completely documented and already 
obsolete. 

The scope is broader and the chemi- 
cal sectlons more extensive than pre- 
vious reviews of this subject. The book 
contains citations to about 2000 pub- 
lications which are discussed in the 
text; this is more than others though 
not exhaustive. The organization is 
adequate and the book is well written. 
Extensive use of structural formulae 
and reaction diagrams are helpful, 
though more labeling of these would be 
appropriate. 

The book includes a polemic against 
the work of H. G. Khorana and his 
collaborators. Petty, unreasonable, or 
simply invalid criticisms are brought 
against Khorana’s work throughout 
the synthetic sections. Whatever the 
provocation, the author degrades him- 
self by such attacks against work which 
must be recognized as significant. 
Science thrives on alternate approaches 
and it seems to this reviewer that both 
Michelson and Khorana have success- 
fully exploited different approaches to 
the synthesis of a large number of 
nucleotide derivatives; however, the 
necessary recognition of alternates has 
not occurred. Further, Michelson re- 
peatedly cites unpublished work in 
supporting his synthetic methods, mak- 
ing assessment of their validity difficult 


since experimental details are not given. 
Occasional premature generalization and 
misinterpretation of the results of 
others occur. Finally, the Subject 
Index and Table of Contents are inade- 
quate for a book of this sort. 

Despite some severe faults, this book 
should be useful as a reference in the 
expanding field of nucleotide chemistry, 
especially since no other work of com- 
parable scope is available. It will be- 
come obsolete in about two years and 
the author should consider bringing it 
up-to-date and correcting the short- 
comings.— Dard B. Straus 


Friedel-Crafts & Related Reactions, Vol- 
ume I, editad by GEORGE A. OLAH; 
1,031 pages; $29.50; John Wiley & 
Sons, Interszience, 1963. 


This book is the first of four volumes 

planned to encompass ‘‘all electrophilic 
organic reactions catalyzed by elec- 
tron-deficient compounds-Lewis acids- 
whether these are molecules or cations, 
and include such reactions as are like- 
wise catalyzed by those Proton Acids 
which are strong enough to act some- 
what like Lewis Acids.” The foregoing 
quotation taken from the Editors Pre- 
face accurately describes the scope 
which the Editor and contributing 
authors have undertaken and further 
indicates the variety of chemical reac- 
tions covered by the term, ‘‘Friedel- 
Crafts Reaction.” 
-~ The initial chapter deals with the 
historical development of the Friedel- 
Crafts Reaction and is followed by a 
chapter which discusses the modern 
definition and scope of the reaction. 

In order to appreciate fully the di- 
versity of the reaction, an understand- 
ing of the concepts of Proton Acids and 
Lewis Acids is mandatory. An erudite 
discussion o7 these concepts comprises 
the third chapter. 

Catalysts and solvents and the inter- 
actions between these are thoroughly 
considered in Chapter Four. This is 
probably the most important chapter in 
the initial volume since these factors 
provide the common denominator by 
which many reactions can be classified 
under “Friedel-Crafts Reactions.” TIn- 
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$9.00 Cloth 
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teractions and complexes are presented 
in detail sufficient to satisfy all but the 
_ most exacting scholars in chapters five 
` through eight. 

The remaining chapters in Volume I 
deal primarily with the physico-chemi- 
cal aspects of the reaction and furnish a 
very satisfying explanation for most of 
the observations reported to date. 

Each chapter is adequately refer- 
enced and provides ready access to the 
original literéture sources. Although 
the studies of a large number of workers 
are included in each chapter, the con- 
tributing authors have managed to 
correlate and present their findings 
understandably and logically. 

Volume I (and probably the series) 
is not to be used as a textbook but 
rather as an encyclopedia in an im- 
portant area of organic chemistry.— 
B. F. Landrum 


Suicide: A Sociological & Statistical 
Study by Lours I. Dupin; 240 
pages; $8; The Ronald Press Co., 
1963. 


some thirty years ago Dr. Dublin, a 
life insurance statistician, published 
To Be or Not To Be—A Study of Suicide, 
which proved one of the few viable books 
on the subject worth retaining on one’s 
shelves over the years. Now he has 
brought his study up-to-date. 

The book opens with an examination 
of suicide rates in various populations, 
j.e. of the categories of people who 
commit suicide, and then proceeds to 
evaluate the available material on the 
environmental setting of suicide, such as 
economic conditions and war. There 
follow sections on the history of suicide, 
on its psychological aspects, such as the 
personality types involved, and finally 
a survey of efforts to prevent suicide. 

Dr. Dublin’s expertise is in epidemio- 
logy, and it is here that one finds the 
meatiest material of the book. The 
statistical tables, some not easily avail- 
able until now, communicate with a 
rare clarity, and they are interpreted 
judiciously. A number of the relation- 
ships revealed suggest exciting hy- 
potheses for research. 

The psychological material, while 
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breaking no new ground, is a balanced 
presentation of recent psychiatric 
thought. The historical and legal ma- 
terial appears to be accurate and 
scholarly. The delicate problem of the 
role of religion is handled with tact 
and understanding. 

It is in the treatment of sociological 
variables that the general soundness of 
this book is most evident. Beginning 
with Durkheim, attempts to treat 
suicide on a purely sociological level 
have foundered mainly because of the 
psychological self-selectivity of certain 
sociological categories, such as the 
divorced and the social isolate. Dublin 
eschews rigid sociologism and shows 
awareness of the subtle interaction of 
sociological and psychological factors. 

Finally, one notes with gratitude that 
there is little of academic jargon. The 
specialist will find valuable material in 
this book, the non-specialist will find 
it a clear, comprehensive, and informa- 
tive treatment of the baffling problem of 
suicide.— Maurice L. Farber 


Principles of Zoological Micropalaeon- 
tology, Vol. 1 by V. Poxorny; lst 
English translation by K. A. ALLEN 
& J. W. Neate of the 1958 German 
edition; 652 pages; $17.50; The Mac- 
millan Co., Pergamon, 1963. 


Ten years ago Zaklady zoologicke 
Mikropaleontologie, a one volume book 
by Dr. Viadimif Pokorný of Karls- 
Universitat in Prague, was published 
in Czechoslovakia. Demand in Europe 
for this book was so great that soon 
after, in 1958, a German translation 
appeared. The German edition included 
several revised sections and appeared in 
an expanded two volume set. Now the 
English translation of Volume I is 
available. . 

It is primarily a text for micropale- 
ontologists who study Foraminifera, 
for well over half the book is concerned 
with this group of protistids. The chap- 
ters on Radiolaria, Thekamoebae, Tin- 
tinnina, Incertae sedis, Chitinozoa, and 
Hystrichospheres and similar micro- 
organisms although very short and 
unequal in depth of treatment do give 
a sufficient introduction to these tax- 
onomic groups. 


The book includes a thorough dis- 
cussion on methods of collection, prepa- 
ration, and study of microfossils. The 
chapter on microstratigraphical methods 
leaves something to be desired, how- 
ever. North American geologists will be 
puzzled to find the Mississippian and 
Pennsylvanian used as examples of 
geologic epochs. This chapter circui- 
tously refers to methods of paleonto- 
logical correlation but never quite gets 
to an exemplary analysis of the various 
methods used by paleontologists. 

This book will be prized most for its 
thorough treatment of the Foramini- 
fera. Students will appreciate the fine 
summary on the structure, morphology, 
and reproduction of the Foraminifera. 
The sections devoted to ecology and 
paleoecology give an adequate intro- 
duction into this complex area. The 
foraminiferal classification presented is 
that of Pokorny and, no attempt is 
made to compare it with that of Cush- 
man, Galloway, or Glaessner. This is 
not a serious defect, however, because 
of late there has been much turmoil and 
revision in foraminiferal taxonomy. 
And, the end is not in sight. Workers in 
micropaleontology will weleome the 
glossary on English-—-German— 
French—Russian synonyms of descrip- 
tive terminology. 

Although the delay in translating 
the German edition into English has 
somehow prevented inclusion of an up- 
to-date bibliography, advanced stu- 
dents of micropaleontology will find 
Dr. Pokorny’s book a handy reference 
and a valuable guide in their work.— 
Richard K. Olsson 


Biochemical Problems of Lipids, Vol. I, 
edited by A. C. FRAZER; 474 pages; 
$23.50; American Elsevier, 1963. 


Biochemical Problems of Lipids, edited 
by A. C. Frazer, is a compilation of 
fifty-six papers presented at the Seventh 
International Conference on Biochemi- 
eal Problems of Lipids, in Birmingham, 
England, July 1962. The main theme of 
the meeting, absorption of lipids from 
the intestine, was subdivided into six 
approximately equal sessions: (1) In- 
traluminar Aspects of Fat Absorption, 
(2) Structural Aspects of the Intestinal 
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Filled with insights and im- 
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future. Scientists and lay- 
men alike will share the ex- 
citement and awe that Dr. 
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By F. L. Boschke. A Euro- 


pean bestseller and winner 
of the Econ prize, this ac- 
count of the formation of the 
earth, its place in the uni- 
verse, and the origins of life 
is now available in America. 
The author, a German chem- 
ist, has drawn upon the find- 
ings of astronomy, physics, 
chemistry, geology, and bi- 
ology to provide an excellent 
introduction to a fascinating 
subject. With 32 pages, 8 in 
full color, of halftone illus- 
trations. 7.95 
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Cell and Absorption Studies, (3) En- 
zymatic Aspects of Intestinal Lipid 
Metabolism, (4) Chylomicrons and 
Lipoproteins, (5) Mitochondrial and 
Other Aspects of Lipid Metabolism, 
and (6)° Wider Aspects of Lipid Me- 
tabolism. 

It is somewhat regrettable, as pointed 
out by the editor, that publication was 
delayed because the authors were slow 
in submitting their proofs. Work of this 
type, which is the research vanguard of 
a, particular field, should be made avail- 
able as soon as possible. A marvelous 
demonstration of disseminating infor- 
mation is found in the discussion of 
thinlayer chromatography by A. F. 
Hofmann. He cites the fact that, at the 
previous symposium, two years earlier, 
this technique was not mentioned, yet 
it is currently one of the prime tools of 
lipid chemistry. 

One minor criticism, which is familiar 
to readers of symposia publications, is 
the omission of relevant work such as 
Chaikoff’s research on chylomicron 
disappearance from blood and Lack and 
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Weiner’s recent observations regarding 
the site of intestinal bile absorption. 

As with other symposia, there is a 
wide scope in relation to type and qual- 
ity of material discussed. While the 
majority of papers discuss specific re- 
search projects carried out in the 
authors’ laboratories, there is excellent 
coverage of general topics such as thin- 
layer chromatography by A F. Hof- 
mann and by J. G. Lines; fine structure 
of intestinal cells by F. S. Sjöstrand, P. 
F. Millington, and J. B. Finean; and 
lipids in mitochondrial electron trans- 
port by D. E. Green and 8. Fleischer. 
The main contribution is the collection 
of detailed reports from many of the 
recognized authorities in lipid chemis- 
try. It offers the opportunity for these 
people to disclose their latest findings 
and express their views in a rapidly 
expanding area. 

Biochemical Problems of Lipids should 
be a valuable addition to the contempo- 
rary literature for workers in lipid 
chemistry and related research.—J. 
Fielding Douglas 


Chemical Applications of Group Theory 
by F. ALBERT Corron; 295 pages; 
$12.50; John Wiley & Sons, Inter- 
science, 1963. 


Graduate students in chemistry are 
confronted with quantum mechanics, 
statistical mechanics, group theory, and 
other theoretically oriented subjects in 
addition to the more empirical parts of 
the field. A few years ago a student 
trying to obtain a working knowledge of 
one of these areas usually resorted to 
standard reference works or to the 
original literature. Unfortunately, 
sophisticated treatments often pre- 
sented barriers to all but the most 
persistent even among the physical 
chemists. Recently, however, a notice- 
able improvement has been brought 
about by the introduction of a number 
of textbooks for seniors and first year 
graduate students. Professor Cotton’s 
book, which originated as a one semester 
course at the Massachusetts Institute 
of Technology, falls into this category. 
He has attempted to introduce the 
chemical applications of group theory 
in “...as unpretentious and down-to- 


earth a manner as possible,” and has 
in general succeeded. 

The book is divided into three parts. 
Part I (Principles), which begins with 
the necessary definitions, includes an 
exceedingly clear discussion of sym- 
metry elements and operations. Illus- 
trations and examples of chemical in- 
terest are consistently used to supple- 
ment the more abstract statements. 
Part II (Applications) makes up almost 
two thirds of the book and contains 
four independent chapters: Construc- 
tion of Hybrid Orbitals, Symmetry As- 
pects of Molecular Orbital Theory, 
Ligand Field Theory, and Molecular 
Vibrations. In each chapter enough 
additional material has been introduced 
to give a balanced coverage. For ex- 
ample, resonance energy is discussed 
and the Hückel approximation is ap- 
plied to a series of organic molecules in 
the chapter on molecular orbital theory. 
Part III (Appendices) covers some 
properties of determinants and matrices 
and contains character tables and some 
additional comments about the in- 
trepretation of resonance integrals. A 
particularly convenient feature is the 
set of character tables for chemically 
important symmetry groups which is 
printed as a separate ten page booklet 
and enclosed in a pocket in the back of 
the book. 

I strongly recommend this book to 
students and to practicing chemists who 
are not familiar with group theory. It is 
by far the most painless introduction to 
group theory available for the chemi- 
cally oriented.—Charles S. Johnson, Jr. 


X-Ray Studies of Materials by A. 
GUINIER & D. L. DEXTER; 156 pages; 
$6.75; John Wiley & Sons, Inter- 
science, 1963. 


A book bearing Guinier’s name is us- 
ually an event; this one isn’t. The pref- 
ace indicates that this little volume is 
designed to tell beginning physics 
graduate students what X-ray scattering 
techniques can do. The book does it in a 
very concise and, unfortunately, some- 
times strictly limited way. The treat- 
ment is formal, not novel, and uses 
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vectors throughout. Very often where it 
begins to get interesting the discussion 
is abruptly terminated. There is re- 
peated evidence that this English 
translation has been rather carelessly 
put together. It suggests that not 
enough care has been used in producing 
even sugh a small book. I believe the 
book misses its point; it is too concise 
for the beginning graduate student for 
whom it was intended and it is certainly 
not sufficiently detailed for the special- 
ist. 

Almost everything in this book can 
be found more fully treated in other 
books available in English. To be 
specific, this book has nine chapters in- 
cluding a brief introduction. Seven 
pages are devoted to the production and 
detection of X-rays; six pages to “X-~ 
Ray Images” including microradiog- 
raphy and X-ray microscopy. The major 
part of this book (chapters 4, 5, 6, 7, 8) 
deal with various aspects of X-ray dif- 
fraction, theory, experimental methods, 
determination of structure, crystallite 
size determination, small angle scatter- 
ing, etc. However, no full treatment of 
any of these is given. The final chapter, 
a, brief one, is devoted to X-ray spectros- 
copy.—!. Fankuchen 


Nuclear Shell Theory (Volume 14 of 
Pures & Applied Physics Series) 
by Amos DE-SHatir and IGAL TALMI; 
573 pages; $14.50; Academic Press, 
1963. 


Angular momentum techniques are 
basic tools of nuclear and atomic physi- 
cists. These techniques are thoroughly 
described in Nuclear Shell Theory by 
de-Shalit and Talmi and are worked 
out in detail for a number of examples 
relevant to nuclear shell-model calcula- 
tions. 

The authors’ preface states: ‘The 
book is intended for graduate students 
who have had a course in elementary 
quantum mechanics.” This reviewer 
feels, however, that the subject matter 
is too specialized and detailed for the 
usual graduate student interested in this 
type of theoretical physics. Several 
competing texts (including two in the 
same series of monographs) have ap- 
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peared in recent years and are con- 
siderably cheaper and more concise. 

The practicing physicist involved in 
calculations of nuclear (or atomic) spec- 
troscopy, however, will find this book 
to be of great value. Intelligible deserip- 
tions are given of many of the modern 
methods of shell-model calculations 
which have been heretofore available 
only in scattered research papers. Of 
particular value is a series of appendices 
containing definitions, formulae, and 
tables needed in nuclear shell-model 
calculations. This sixty-page collection, 
by itself, would justify the acquisition 
of the book by the practicing shell- 
model physicist. Ernest Rost 


Fracture of Solids, edited by D. C. 
DRUCKER & J. J. GILMAN; 708 pages; 
$28; John Wiley & Sons, Interscience, 
1968; (Proceedings of International 
Conference, Maple Valley, Wash., 
August 1962; Vol. XX of Metallurgi- 
cal Society Conferences). 


This collection of papers has four di- 
visions, namely, on Continuum Me- 
chanics, Microstructural Phenomena, 
Atomistic Mechanisms and Environ- 
mental Effects. Hach division starts with 
a general review—~by D. C. Drucker (48 
pp., 54 references), J. R. Low (40 pp., 
116 references), J. D. Meakin and N. 
J. Petch (28 pp., 71 references) and A. 
R. C. Westwood (53 pp., 180 references) 
and contains from four to seven ad- 
ditional research reports. 

It is obviously impossible to comment 
here on each contribution and it would 
be unfair to deal with one or two. Just 
one observation may be recorded here: 
several authors point out that the sur- 
face energy criterion of crack propaga- 
tion is no good; and still they use it! 
The general impression is that the field 
is almost too wide even for a book of 
over 700 pages. The classification 
chosen by the editors may be supple- 
mented by other systematics, such as— 
brittle solids, viscoelastic solids, etc., 
or single crystals, polycrystalline solids, 
etc., or metals, polymers, and so on; 
and data will be found in the volume for 
each of these classes. Thus, although 
the quality of the individual papers 


naturally is not uniform, the amount of 
information and the wealth of ideas 
found in the book make this a valuable 
addition to any library of science or 
engineering. As is usual in conference 
proceedings, no author or subject index 
is provided; the latter would have been 
welcome. 

The printmg and binding are very 
good; there are many photographs re- 
produced in the text; but is this a suffi- 
clent justification for the price which 
might frighten away many students who 
would have so much profited from the 
book?—J. J. Bukerman 


A Dictionary of Zoology by A. W. LEFT- 
wicu; 290 pages; $6; Van Nostrand 
Co., 1968, and Collegiate Dictionary of 
Zoology by Rogert W. PENNAK; 
583 pages; $8.50; The Ronald Press 
Co., 1964. 


While it is certainly easier to review a 
dictionary than to write one, one has 
the diffculty that they are impossible to 
read from cover to cover. However, one 
can examine sections, cheek them 
against other dictionaries and try out 
various other experiments for meaning 
and comprehensiveness. 

On both szores, Pennak’s book rates 
very high, while the more modest dic- 
tionary of Leftwich seems inadequate. 
In the definitions themselves, Dr. 
Pennak gives the essential points and 
the qualifications. Secondly, by being 
very much larger, the chances that the 
word is defined are excellent in the 
Collegiate Dictionary. This includes 
both anatomical and descriptive terms 
as well as nomenclature. Dr. Pennak’s 
Dictionary can be very highly recom- 
mended.—./. T. Bonner 


The Physiolegy of Earthworms by M. $. 
LAVERACK; 206 pages; $7; The Mac- 
milan Co., Pergamon, 1963. (Vol. 
V, International Series of Monographs 
on Pure & Applied Biology, G. 
Kerxkut, General Editor). 


This is a very welcome book, for it 
brings together all the more important 
work that has been done on one of the 
most readily and universally available 
of laboratory animals. (Long before the 
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age of the airplane, earthworms had be- 
come true internationalists.) Further- 
more, as Charles Darwin went to in- 
finite pains to show, earthworms play an 
important role in the economy of na- 
ture. Laverack places the emphasis, 
quite rightly, on work done since the 
publication of Stephenson’s Oligochaetta 
over 30 years ago. Compared with that 
monumental classic, this volume seems 
slim. Its fieldeis far more restricted but 
the restriction itself achieves a focus 
appropriate for our times. Even so, the 
book covers a wide area: Biochemical 
Architecture, Digestion, Metabolism, 
Nitrogen Excretion, Water Balance, 
Respiration, Regeneration, Neurose- 
cretion, the Nervous System, Behavior, 
and much else. 

The style is clear and informative, 
and the material almost always up-to- 
date and accurate. The non-specialist 
will be interested to learn that earth- 
worms differ greatly from flatworms in 
ability to “remember” after regenera- 
tion what they had learned previous to 
surgery. Like planarians, earthworms 
can remember the correct turn in a T- 
maze after removal of the brain or even 
of the first five segments. But, in 
marked contrast to what is said to be 
true of flatworms, after the regeneration 
of a new brain, the learning is lost. 
Apparently an earthworm can be born 
anew as innocent as the day it hatched 
from its egg cocoon. 

The presentation of regeneration is 
marred by several inaccuracies. It is 
not true that “oligochaetes are able to 
regenerate both anterior and posterior 
ends with almost equal facility.” The 
assertion that earthworms can regener- 
ate better in some seasons of the year 
than in others does not hold, at least 
for Baltimore earthworms. While alka- 
line phosphatase may be important in 
regeneration, the work quoted, which 
was done in our laboratory, gives scant 
support to such an idea. The most in- 
teresting and authoritative portions of 
the book deal with metabolism, es- 
pecially excretion, and with the nervous 
system, but the entire volume is a rich 
mine of well-organzied information. 
The usefulness of the book is so great 
that it at once becomes a “must” for 
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every biological laboratory from high 
school to university. There are 58 well 
selected figures, an excellent although 
not exhaustive bibliography, and an 
index.—Gairdner Moment 


The Flowering Process (International 
Series of Monographs on Pure & Ap- 
plied Biology, Plant Physiology Di- 
vision, Vol. IV) by Franx B. SALIS- 
BURY; 234 pages; $8.50; The Mac- 
millan Co., Pergamon, 1963. 


Most of the right materials are here, 
with few major errors or omissions, yet 
this is not a particularly satisfactory 
book. The preface indicates what must 
have happened. A book first conceived 
for high-school biology teachers and 
then revised for graduate students; a 
book that tries to set flowering in the 
broadest biological context yet also 
offers an almost day-by-day account of 
work in a single laboratory; a book read 
and criticized, in one stage or another, by 
many of the foremost investigators in its 
field: such a book is bound to embody 
the contradictions and uncertainties of 
its origins. 

The first four chapters survey various 
controls on flowering and their signif- 
icance. Though one might question 
the distribution of emphasis among 
topics—twelve pages are devoted to 
demonstrating, with symbols remin- 
iscent of the medieval herbalists, that 
there are at least 777 possible response 
types—this is a good elementary intro- 
duction. This discussion of ‘Ecology 
and the Flowering Process” is particu- 
larly valuable, considering the uncon- 
cern of many physiologists for anything 
outside the laboratory. 

The remaining six chapters use ex- 
cursions about a central theme of ex- 
periments with Xanthium, many the 
author’s own, to fill in the outlines 
sketched previously. The courage re- 
quired to undertake such a tour-de- 
force unfortunately did not ensure its 
success. While the cocklebur has been a 
workhorse in many photoperiodic 
studies it has provided relatively little 
primary information on temperature ef- 
fects, rhythms or photoreception, to 
name three significant topics. Hence the 


excursions, though frequently fine in 
themselves, often represent long digres- 
sions, and might better have been in- 
corporated earlier. Occasional passages 
read like a manual of Xanthium ex- 
perimentation, including instructions on 
preparing one’s notebook. Yet this 
aspect is flawed, for example, by a less 
than adequate discussion of germina- 
tion problems, by a rather cavalier 
attitude towards statistics and experi- 
mental design, and by the absence of 
any information on the tangled ques- 
tion of Xanthium taxonomy and identi- 
fication. 

It is perhaps too easy to find things 
wrong with a book that attempts so 
much. Yet since there are valuable 
things in it, both in information and 
concept, it can best be characterized as 
uneven, occasionally unreliable, but 
certainly worth reading, for beginner 


and expert alike-—William S. Hillman — 


General Oceanography by GUNTER Dır- 
TRICH, translated by Fropor Osta- 
PoFF; 588 pages; $20; John Wiley & 
Sons, Interscience, 1963 and Ocean 
Wave Spectra (Proceedings of a Na- 
tional Academy of Science Con- 
ference); E. C. Srerwan, ef al., 
chairmen; 357 pages; $12.50; Pren- 
tice-Hall Publishers, 1963. 


After many, many years of getting 
along on just Sverdrup, Johnson, and 
Fleming’s The Oceans, the field of ocean- 
ography has suddenly been inundated 
with new books. These books range from 
popular accounts of the “Gee whiz” 
school through serious general oceanog- 
raphy texts to extremely specialized 
treatises on specific corners of the field. 
The two books reviewed here stand 
almost at opposite ends of this spectrum. 

General Oceanography, by Dietrich, is 
a translation of his Allgemeine Meeres- 
kunde, published in 1957. No attempt 
was made to bring the material up-to- 
date, largely because of the soon-ex- 
pected publication of the results of the 
IGY cruises. While the book is supposed 
to be a general introduction to the 
whole field of ocenography, it is more 
nearly an introduction to physical 
oceanography. Biological and geological 


oceanography get only short shrift; 
chemical oceanography fares only 
slightly better. This, perhaps, 1s to be 
expected in so short a book. The three 
volumes of the recently published The 
Sea, in spite of their greater space, 
omit most of marine biology and do less 
than justice to chemical oceanography. 

As an introductory text in physical 
oceanography, this book will usually be 
compared (to its disadvartage) with the 
recent text by von Arx. Besides being 
an older book, and thus including few 
of the results of the post-Sputmik boom 
in oceanography, Dietrich’s book is 
decidedly hard going in many places. 
This results in part from the curious 
arrangement of subjects. In part, how- 
ever, it stems from the involved style in 
which the text is written. Many times I 
felt at first reading that Dietrich and 
von Arx were directly contradicting 
each other, only to discover after care- 
ful re-reading of Dietrich and consider- 
able thought that they were indeed 
saying exactly the same thing. 

Oceanographers will experience a cer- 
tain feeling of déjà vu on first opening 
this book; most of the figures used were 
taken from earlier publications, notably 
The Oceans. Dietrich also leans heavily 
upon European sources, and particularly 
upon the German and Scandanavian 
literature. Better than half of the bibli- 
ography isin German. 5 

Ocean Wave Spectra is a very dif- 
ferent kind of book, addressing itself 
primarily to those oceanographers ac- 
tively working in this field (most of 
whom were actually present at this con- 
ference). The material covered ranges 
from the completely theoretical and 
mathematical treatment of wave spectra 
to the completely practical problem of 
measurement of wave motion. Included 
with the formal papers are records of 
discussions after each paper and at the 
end of the sessions. It is evident to 
even the most casual reader that a fair 
amount of disagreement exists on al- 
most any topic mentioned in the con- 
ference. While this is certainly not a 
book for the average reader, (nor even 
the average oceanographer), even the 
most determinedly non-mathematical 
marine biologist will find items of in- 
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terest tucked away between the equa- 
tions and the graphs. 

On the dust jacket the publishers call 
this book “a summary of the present 
state of the art in the several fields of 
ocean wave study.” The book does not 
really attain this goal, largely because 
the authofs were speaking to a select 
group of their co-workers, and therefore 
pre-supposed a large body of knowledge 
on the part of their listeners, knowledge 
that the reader should have if he wants 
to follow the arguments presented. The 
book is thus much more a statement of 
some problems in the field than it is a 
general summary. It is a beautifully 
designed and printed book, and sur- 
prisingly cheap as texts go these days.— 
Peter J. Wangersky 


The Sea, Ideas & Observations on Pro- 
gress in the Study of the Seas, Vol. III, 
edited by M. N. Hinz; 963 pages; 
$28; John Wiley & Sons, Inter- 
science, 1963. 


The presumably final volume of The 
Sea is in many ways the most useful of 
the three. This is due in a large part to 
the section on geophysical exploration, 
which gathers together material on the 
newer techniques and interpretations 
which has heretofore been available 
only in scattered journals. 

The volume is divided into four parts. 
Under the general topic of The Earth 
Beneath the Sea are listed geophysical 
exploration, topography and structure, 
and sedimentation. The fourth section, 
History, concerns itself with the origin 
of life and with the paleontological re- 
cord. As in the other volumes in this 
series, the authors of each article have 
concentrated on the broad aspects of 
their topics, referring the reader to the 
original literature for detailed arguments 
and descriptions. 

The editor’s choice of authors was 
excellent; each man is an authority in 
his field. By the same token, however, 
there are no surprises to be found in this 
volume, since each man is reviewing 
work with which he has long been 
identified. One might occasionally wish 
for a fresher look at some of the phe- 
nomena described. 
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The quality of the writing is so con- 
sistent that it would be difficult to single 
out specific authors for either praise or 
blame. The major drawback of this 
volume is that the breadth of material 
included is so great that almost every 
section suffers from extreme compres- 
sion. This is particularly noticeable in 
the last section, where all of oceanic 
paleontology is zipped through in some 
sixty pages, with thirty-five of them 
devoted to the Pleistocene. 

This volume is as well-edited and 
well-produced as the two earlier 
volumes. The consistency of the editing 
in so large a work is truly remarkable. 
Again, however, the price will keep 
the book out of the hands of the people 
who could most benefit from it.—Peter 
J. Wangersky 


Operations Research in Research & De- 
velopment, edited by Burron V. 
Dran; 289 pages; $8.50; John Wiley 
& Sons, 1963. 


In a period when national attention 
is focused on the management of re- 
search and development, this book on 
operations research methods is particu- 
larly timely. The twelve chapters, 
originally presented as papers at a 1962 
Case Institute of Technology confer- 
ence on research and development 
management systems problems, pro- 
vide diversity of subject and quality. 

The initial and most outstanding pa- 
per in the volume is Ellis A. Johnson’s 
“A Proposal for Strengthening U.S. 
Technology.” It identifies several classes 
of major national problems in research 
and development policy including a 
group of factors which act to lessen 
technical program efficiency. Johnson 
suggests many possible solutions in- 
cluding a program of university-associ- 
ated National Institutes in key scientific 
areas, conversion of liberal arts gradu- 
ates to science, coordination of multi- 
agency information on government- 
sponsored research, etc. The provocative 
analysis and ideas of this chapter merit 
wide readership by science-technology 
leaders. 

Another interesting paper is Chapter 
6 by Hertz and Carlson, which presents 


simple but useful approaches to the 
problems of project selection, evalua- 
tion, and control. The pragmatic non- 
mathematical presentation by these 
operations researchers is in sharp con- 
trast to the less meaningful “mathe- 
mateze” of some of their colleagues. 
Also especially well done is the article 
by Weiss on the relation of company 
proposal efforts to sales. 

The one obvious fault in the book is 
its imbalanced heavy coverage of PERT 
(Program Evaluation and Review Tech- 
nique) and associated network methods 
for project planning and control. Of the 
four articles which treat PERT and its 
extensions, only the Norden article 
combines data collection research with 
new concepts for organization and use 
of the data. 

This collection of papers should sug- 
gest numerous ideas to the manager of 
research and development. The book is 
an important addition to the growing 
literature on the use of analytical meth- 
ods in this field.— Edward B. Roberts 


Mass Spectrometry of Organic Ions, 
edited by F. W. McLarrertry; 730 
pages; $24; Academic Press, 1963. 


The title of this book is unfortunate 
in that while the overall bias of the book 
is towards the organic chemist, it does 
contain much that is of interest to the 
physical chemist. In fact, the first eight 
of the thirteen chapters are of general 
interest. Chapters 1, 7 and 3 cover the 
quasi-equilibrium theory of mass spec- 


tra, the decomposition and rearrange- 
ment of organic ions and the appearance 
potential data of organic molecules, 
while chapters 2, 4, 5, 6 and 8 cover ion- 
molecule reactions, negative ions, free 
radicals, ions from discharges and 
flames, and high resolution mass spec- 
trometry. 

The first eight chapters serve as an 
admirable introduction to the extent to 
which mass spectrometry can assist the 
organic chemist in the elucidation of the 
structure of complex organic molecules. 
Examples of this assistance are given in 
the last five chapters which present 
detailed reviews of the mass spectrom- 
etry of long chain esters, alkyl benzenes, 
terpenes, petroleum, and natural 
products such as alkaloids, amino acids 
and steroids. 

The ten page index is disappointing- 
since it is largely composed of entries 
from the last four hundred pages; for 
example, under D only two of the 
eighty, odd entries come from before 
page 300. It is to be regretted that there 
are no index entries referring to the 
negative ion spectra on pages 176, 179 
and particularly 195 ff, or to the differ- 


ent types of mass spectrometer, to 


quote two examples. 

The book is well-produced and is a 
worthy addition to the literature on 
mass spectrometry. The reviews are 
comprehensive and up-to-date and 
the book can be recommended to those 
using or interested in using mass spec- 
trometric techniques.— Graham 8. 
Pearson 
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HIGH SPEED 
Models 417/416 


provide a ten-fold increase in speed 
of response over other instruments. 
Speed is maintained by the unique 
plug-in design which allows the 
amplifier input to be located up to 
100 feet from the instrument chas- 
sis. Rise times may be adjusted 
with a front panel damping control. 
Both models are identical except 
the 417 provides calibrated current 
suppression from 10-4 to 10-13 am- 
pere. Applications include use in 
mass spectrometry, vacuum studies 
and plasma physics studies. 


e Ranges: 10-'? to 3 x 10-5 ampere fs 
e Accuracy: +2% fs to 10-* ampere; 
+3% beyond 
Zero Drift: less than 1% per 8 hours, 
with one volt source 
è Output: +3 volts for fs meter de- 
flection 
e Rise Time: 30 milliseconds on 10-" 
ampere range at critical damping 
Model 417 High Speed 
Picoammeter 


Model 416 High Speed 
Picoammeter 


LOW ZERO DRIFT 
Model 409 


allows long term measurements of 
currents as low as 1013 ampere. 
Circuitry is completely solid state, 
except for electrometer tube input, 
assuring reliability and low power 
consumption. Zero check switch 
permits zeroing the meter without 
disturbing the circuit. Applications 
include use with photocells, photo- 
multipliers, and ion chambers. With 
the Model 4103 Electronic Trip, the 
409 is excellent for nuclear reactor 
control. 


e Ranges: 3 x 10-" to 10-3 ampere fs 

e Accuracy: +2% fs to 10! ampere: 
+3% beyond 

Zero Drift: less than 1% per 24 hours, 

with one volt source 

e Output: +3 volts for fs meter de- 
flection 

e Rise Time: 1.5 seconds on 10" am- 
pere range 

Model 409 Low Zero Drift 
Picoammeter. 

Model 4103 Electronic Trip 
(installed) 


Send for Engineering Notes on New Picoammeters 


OTHER KEITHLEY PICOAMMETERS 


Model 410—high sensitivity, 20 linear ranges 

Model 411—exceptional stability, 17 linear ranges 
Model 412—log n amplifier, 6 decade span 

Model 413A—log n amplifier, 8 decade span 

Model 414—high performance over 17 linear ranges 
Models 420A/421—log n period amplifiers 


KREREITH LEY 
INSTRUMENTS 


12415 Euclid Avenue e» Cleveland 6;Ohio 


dc microvoltmeters + differential voltmeters + wideband voltmeters 
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WE'RE PUTTING A NEW PIONEER TOGETHER AT TRW 


About the only similarity between the old and new 
Pioneer is the name. When it is launched in early 
1965, the new vehicle will gather a much broader 
range of space data than did Pioneer V—but with only 
slight increase in weight. The Pioneer's newfound 
efficiency results from many design advances that 
allow more room for scientific payload. Maximum 
power from the 10,000-cell solar array (1) is assured 
by sun sensors (2) and a reorientation nozzle (3) which 
keep spin axis normal to sun line. Thermal design is 
simplified by mounting all electronic equipment (4) on 
a single shelf (5) above the heat control louvres (6). 
These are just a few of the improvements built into the 
new Pioneer by TRW Space Technology Laboratories. 

Today we are busy on many space projects that 
mean new job opportunities for engineers and scien- 
tists. We are prime contractor for NASA’s OGO and 
Pioneer programs, and for the Air Force-ARPA tan- 
dem nuclear detection satellites. We are developing 


the variable-thrust descent engines for Apollo and 
Surveyor lunar landings. And we continue Systems 
Management for the Air Force’s Atlas, Titan and 
Minuteman programs. These and other space and mis- 
sile activities create immediate openings in: Theoreti- 
cal Physics, Systems Engineering, Radar Systems, 
Experimental Physics, Applied Mathematics, Space 
Communications, Space Physics, Antennas and Micro- 
waves, Inertial Guidance, Analog Computers, Solid 
State Physics, Computer Design, Telecommunications, 
Digital Computers, Guidance and Navigation, Electro- 
mechanical Devices, Engineering Mechanics, Applied 
Aerodynamics and Propulsion Systems. 

For information about positions in Cape Kennedy 
or Southern California, including our new Capistrano 
Test Site, write Space Technology Laboratories Pro- 
fessional Placement, One Space Park, Department 
R-6, Redondo Beach, California. TRW is an equal 
opportunity employer. 


TRW SPACE TECHNOLOGY LABORATORIES 


THOMPSON RAMO WOOLDRIDGE INC 
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You can trust the P-150; 
/t corrects its own mistakes 


All of Tally's perforators (over 3,000) have made mistakes. We haven't 
built a perfect machine and neither has anyone else. 


But Tally has built the next best thing—a perforator that can tell when 
it makes a mistake and can correct it—all at 150 characters per second. 


Tally calls this new perforator the P-150. Even before we added the 
self-correction feature, it was a dependable machine. Now it's by far the 
industry's most trustworthy high speed perforator. 


How You Can Use It Computer and machine tool programming, photo 
composing, and many data logging applications demand accurate paper 
tapes. With the P-150, you don't need to design a system which includes 
post reading the tape for error or going through a cleanup routine which 
takes time and more equipment. Instead, you can design around the 
perforator's accuracy. 


With the P-150 your system can produce clean tape in less time, with less 
equipment, and at lower cost. 


The Price is Right The cost of the industry's most trustworthy perforator 
is: mechanism, $2,850: drive electronics, $1,400; tape handler (1,000’), $450. 


For more data, please write to Tally Corporation, 1310 Mercer Street, 
Seattle, Washington 98109. 


TALLY 


össhauer Effect Analyzer: 





A linear translation device for Mossbauer Effect data 


The first commercially available Mössbauer 
Effect Analyzer was developed by the Nuclear 
Science & Engineering Corporation to supply 
an instrument capable of dramatic, graphic 
demonstration of the Méssbauer Effect. The 
Model B Analyzer also is a research-quality 
device requiring as adjuncts only an appro- 
priate detector (proportional tube or scintil- 
lation crystal) and single-channel pulse-height 
analyzer for precision Mossbauer effect meas- 
urements. 

Specifications include: variable velocity of 
absorber carriage from O to 15 mm/sec... 
minimum velocity increment of 0.05 mm/sec 
... velocity calibration accuracy to +5% from 
O to 1.0 mm/sec and accuracy to +1% from 
1.0 mm/sec to 15 mm/sec... velocity re- 
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Nuclear Science & Engineering Corporation 
P. O. Box 10901 - Pittsburgh, Pa. 15236 - 412 — 462-4000 


producibility is +1% at any velocity . . . line 
broadening due to vibration or variation in 
velocity is no more than 0.1 mm/sec at any 
velocity. 

The Mössbauer Effect Analyzer (exclusive 
of control unit) is 212 inches long, 8 inches 
high, 6 inches wide. Weight: approximately 
50 pounds. Accessories are available. 

Source and absorber combinations, includ- 
ing some designed especially for use with the 
Model B Analyzer, are available. Combina- 
tions demonstrating magnetic hyperfine split- 
ting, quadrupole splitting, and jsomeric shift, 
as well as single narrow-line spectra, are nor- 
mally in stock. 

Inquiries are invited concerning unusual 
source-absorber combinations. 


The spectrum shown at left illus- 
trates the magnetic hyperfine 
splitting of the lines in Fe-57, 
obtained with a standard NSEC 
Co-57 source in a chromium 
matrix, and a 1 mil natural iron 
absorber foil. Data was obtained 
with the Model B Analyzer. The 
line width of the two inner peaks 
is 0.27 mm/sec (FWHM). 


Write for Brochure No. 1167, 
describing the NSEC Mossbauer 
Effect Analyzer, sources and 
absorbers. 
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NEW AO MICROSTAR... 


key to better photomicrography| 





It’s no longer necessary to accept photomicro- 
graphs that are crisply in focus only in a small, 


pre-selected area of the field of view The new 
AO Microstar® Microscope’s unique infinity- 
corrected optics provide a visual image that’s 
amazingly flat over the entire field. This su- 
perior image quality means you now can make 
photomicrographs that are flat and in focus from 
edge-to-edge and corner-to-corner of the print. 


Camera work is easier, too. Visual and photo- 
micrographic systems are parfocal ... you just 
focus the specimen through the eyepieces and 
snap the shutter. 


® Registered Trademark American Optical Co. 





Field coverage and film magnification remain 
constant regardless of changes in interpupillary 
settings. No compensations to make. 


Your choice of new Polaroid®t 31/4” x 41/4” 
film pack back or 35 mm with two magnifica- 
tions—2.8X and 5X. Both camera backs used 
interchangeably with the same _ lens/shutter 
assembly. New Microstar also accommodates 
the famous AO 682 Camera. 


Ask your AO Sales Representative to demonstrate 
the superior visual and photomicrographic image 
produced by the new AO Microstar. 


® +t Registered Trademark Polaroid Corporation 


AMERICAN OPTICAL COMPANY 


INSTRUMENT DIVISION 


e BUFFALO, N. Y. 14215 


IN CANADA write — P.O. Box 130, Postal Station R, Toronto 17, Ontario 
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CONTRIBUTORS 


HERBERT A. SIMON and ALLEN NEWELL, Information Processing in 
Computer and Man 281 


This National Sigma Xi-RESA Lecture was given by Dr. Simon in April 1964. Chess 
players and solvers of geometric problems, among others, can learn from it what proc- 
esses are involved in reaching the goals of Checkmate and Q.E.D. The joint paper 
with Dr. Newell, stemming from the lecture, shows how information processes, human 
and artificial, can be organized to accomplish difficult tasks. The neurophysiological 
mechanisms in man and electromagnetic or electronic devices in the “black boxes’’ are 
not essential elements in formulating the science of information processing. Dr. Simon 
is Professor of Administration and Psychology and Associate Dean in the Graduate 
School of Industrial Administration. Dr. Newell was a research scientist with the RAN D 
Corporation and is now Institute Professor of Systems and Communication Sciences. 
Both men are at Carnegie Institute of Technology, Pittsburgh, Pennsylvania. 


LUTHER B. LOCKHART, JR., Behavior of Airborne Fission Products 301 


What happened to airborne fission products during the moratorium on nuclear testing, 
1959-1961, is here set forth by Dr. Lockhart in a sequel to an article in AMERICAN 
SCIENTIST, September 1959, by Lockhart and King. The author is Head of the Physical 
Chemistry Branch of the U.S. Naval Research Laboratory, Washington, D.C. He has 
monitored the distribution of natural and fission product radioactivity along the 80th 
meridian from Greenland to Chile since 1958, through the moratorium, during renewed 
testing, and into the era of the present test-ban treaty. 





AMERICAN SCIENTIST is published quarterly Second-class mail privileges authorized at Easton, 
(March, June, September, December) by the Pa. Additional entry at the New Haven, Conn. 
Society of the Sigma Xi at the Mack Printing Co., post office, December 9, 1943. This publication 
20th and Northampton Sts., Easton, Pa. © 1964 is authorized to be mailed at the special rates of 
by the Society of the Sigma Xi. postage prescribed by Section 132.122. 
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STERLING B. HENDRICKS, Salt Transport Across Cell Membranes 306 


Dr. Hendricks, ‘‘scientist’’ in the Federal Civil Service, gave National Lectures on two 
interdisciplinary subjects in which he works. He selected the one on salt transport for 
publication as illustrative of the interplay between physical and biological disciplines. 
This subject, as well as “biological timing,” the other lecture, is in best accord with the 
integration of many approaches to biology expressed by G. Gaylord Simpson and 
Clifford Grobstein in the 75th Jubilee number of AMERICAN Scientist. Address: Mineral 
Nutrition Laboratory, U.S. Department of Agriculture, Beltsville, Maryland. 


G. Evetyn Hurcuinson, The Lacustrine Microcosm Reconsidered 334 


Professor Hutchinson of Yale University’s Department of Biology, who has written so 
many fine essays on an impressively wide range of subjects, writes here on ecology, his 
own special area of interest. The address, given after the transfer of keys of the Lab- 
oratory of Limnology from the National Science Foundation to the Board of Regents of 
the University of Wisconsin in May 1964, is here reproduced for our readers. It spans the 
years from Darwin to present day researches by the author and his students. 


LAWRENCE B. SLOBODKIN, The Strategy of Evolution 342 


A Professor in the Department of Zoology, University of Michigan, Ann Arbor, Mich- 
igan, Dr. Slobodkin is one of the leading ecologists concerned with problems of pop- 
ulations, evolution, and stability. These are the topics treated in his book Growth and 
Regulation of Animal Populations. A Ph.D. of Yale University in 1951, with research 
experience in the Fish and Wild Life Service and in Oceanography, he has been in Mich- 
igan since 1953. In this original essay the author presents some important new thoughts 
concerning his major field of interest. 


ARTHUR V. TosBoLsKY, Polymeric Sulfur and Other 

Polysulfide Polymers 308 
The experiments on sulfur, familiar to every high school chemistry student, whereby the 
element melts to a pale yellow liquid, darkens and becomes very viscous at higher 
temperatures, and, when thrown into water, yields a plastic form of sulfur is here given a 
sophisticated and unified treatment by a professor of chemistry in Princeton University. 
The diverse facts are interpreted by a single cohesive treatment which led to verified 
predictions concerning not only elastic sulfur but also plastic materials containing sulfur 
and polysulfides. Address: Frick Chemical Laboratory, Princeton, New Jersey. 


Barry Commoner, DNA and the Chemistry of Inheritance 365 


Dr. Commoner is Professor of Plant Physiology and Chairman of the Executive Com- 
mittee of the Botany Department at Washington University, where he also serves as a 
member of the Committee on Molecular Biology. He has done extensive research on 
basic questions regarding the physico-chemical foundations of biological processes. 
He is responsible for the discovery of free radicals in biological systems, by means of 
the electron spin resonance technique and for a series of investigations on the bio- 
synthesis of tobacco mosaic virus. Dr. Commoner is also active locally and nationally in 
matters relating to the social implications of science. He has a flair for looking at familiar 
situations in a new and original way. Here he gives DNA an unconventional setting in a 
thoughtful and vigorous essay. 
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SOMEBODY ELSE BUILT THE VOSTOK 


But TRW Space Technology Laboratories built all the rest. No 
other manufacturer has designed and built so many kinds of 
space vehicles for so many different space missions. 

Today we are busy on many space projects that mean new op- 
portunities for engineers and scientists. We are prime contractor 
for NASA’s Orbiting Geophysical Observatory and Pioneer pro- 
grams, and for the Air Force-ARPA nuclear detection satellites. 
We are developing the variable-thrust descent engines for Apollo 
and Surveyor lunar landings. And TRW Space Technology Lab- 
oratories continues Systems Management for the Air Force's 
Titan and Minuteman programs. These and other space and mis- 
sile activities create opportunities in: Theoretical Physics, Sys- 
tems Engineering, Radar Systems, Experimental Physics, Applied 
Mathematics, Space Communications, Space Physics, Antennas 
and Microwaves, Inertial Guidance, Analog Computers, Solid 


State Physics, Computer Design, Telecommunications, Digital 
Computers, Guidance and Navigation, Electromechanical De- 
vices, Engineering Mechanics, Applied Aerodynamics and Pro- 
pulsion Systems. 

For information about TRW opportunities at Cape Kennedy or 
in Southern Calif., including our new Capistrano Test Site, write 
TRW Professional Placement, One Space Park, Department R-9, 
Redondo Beach, Calif. TRW is an equal opportunity employer. 


Spacecraft above: Pioneer I, lunar probe, launched Oct. 1958; 
Explorer VI, scientific satellite, launched Aug. 1959; Pioneer V, 
interplanetary probe, launched March 1960; TRS, tetrahedral re- 
search satellite, launched 1962; NDS, nuclear detection satellite, 
launched 1963; Vostok I, manned Russian spacecraft, launched 
April 1961. 


TRW space TECHNOLOGY LABORATORIES 


636 THOMPSON RAMO WOOLDRIDGE INC. 
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AARON LEMONICK, Essay Review of Encyclopaedic 
Dictionary of Physics 389 


A Professor of Physics in Princeton University evaluates, in this essay review, an 
Encyclopaedic Dictionary of Physics edited by J. Thewlis and associates and published, 
in eight volumes, by the Macmillan Company. The set contains 5600 pages. The re- 
viewer writes about several articles in some detail, to gain a feeling for the whole, on 
Fundamental Particles, Quantum Mechanics, for example. He lists the articles on nu- 
clear phyeics and read others at random. Though heavy on technology the dictionary 
should be of use to graduate and pre-graduate students in Physics and to specialists in 
other fields. 


J. Tuzo Wiison, Science is Everybodys Business 266A 


The Professor of Geophysics in the University of Toronto, a former Sigma Xi-RESA 
National Lecturer, was the guest speaker at the fifteenth birthday party of the College of 
Arts and Sciences, University of Buffalo, New York, April 4, 1964. With the kind 
permission of Dean Milton C. Albrecht of that university and of the speaker, we are 
pleased to reproduce this interesting commentary on the place of science in everybody’s 
business, in the News and Views section of this issue. 


Important Notice. The attention of all readers 
and publishers is called to the present address 


of the Editorial Office of AMERICAN SCIENTIST 
33 Witherspoon St., Princeton, N. J. 08540 
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51 Prospect Street New Haven 11. Conn: ADVERTISING CORRESPONDENCE should 
y i be addressed to the Advertising Representative, 


RESA NATIONAL OFFICERS Mrs. William A. James, 217 Canner Street, New 
dhii Sandan’. Okai Haven, Conn., 06511. 
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IN MODULAR POWER SUPPLIES 


KEPCO APPLICATION VERSATILITY 


MAKES THE DIFFERENCE! 
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A KEPCO ADVANCE IN MODULAR POWER SUPPLIES 


Versatile electrical and mechanical characteristics of the Kepco PAX Design Group rep- 
resent a distinctive advance in modular power supplies. Rated for continuous duty, wide 
range operation, resistance or voltage programming, voltage or current regulation and a 
choice of mounting methods, PAX modules offer the designer unusual flexibility in his 
system design. Value engineering has been applied to achieve high performance at com- 
petitive prices. 













DC OUTPUT 


= 0.059 ulation and stabili i mahl 
0.05% reg ty m Resistance/voltage programmable fetal 


m Ripple <0.25 millivolt rms © Short circuit protected, current limiting 
= 50 microsecond recovery time No voltage overshoot, turn-on, off 
m 115/230V 50-440 cps input = Convection cooling 

m Voltage or current regulation = Laboratory or systems use 

m Patented Kepco Bridge Circuitt m Open/cased/rack mounting choice 


TtApplicable Patent Nos. furnished on request 


See our Sec. 
e EMM acco 


complete PAGES ` = ee wee 250 standard-model power supplies, 
Catalog in |2o\csoa Ble send for NEW CATALOG B-648 


131-38 SANFORD AVENUE, FLUSHING, N.Y. 11352 + Phone: (212) IN 1-7000 + TWX +212-539-6623 + Cable: KEPCOPOWER NEWYORK 


For complete specifications on more than 
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NEWS AND VIEWS 


By the Board of Editors and the Membership of the 
Society of the Sigma Xi and the 
- Scientific Research Society of America, RESA 


SIGMA XI-RESA GRANTS-IN-AID OF RESEARCH 


Report of the Awards made by the Grants-in-Aid of Research Committee 
for 1964 


During 1964, the Committee on 
Grants-in-Aid of Research received 356 
applications for a total amount re- 
quested of approximately $350,000. 
Although a record high of $100,000 was 
available for awards, the Committee was 
faced with the task of not only rejecting 
many requests which it felt most de- 
serving—it was unable to review ap- 
proximately 84 of the applications sub- 
mitted. This problem was explained in 
detail on page 280 of the June issue of 
the AMERICAN SCIENTIST. 

Of the 272 applications acted upon— 
207* were granted a total of $102,372— 
this amount representing approximately 
60% of the total requested on these ap- 
plications. The 203 awards totaling 
$99,942 actually received are listed 
in the following pages. 

Of special interest are awards #67 and 
#158. These were made possible by earn- 
ings of the Hsien Wu and Daisy Yen Wu 
Fund. Again, this year, the Fund was 
increased by an additional gift of 
$6,172.50 from Mrs. Daisy Yen Wu in 
memory of her husband, Dr. Hsien Wu. 

The Committee is pleased that the 
Grants-in-Aid of Research activity has 
received the support which has enabled 
it to increase ten-fold in ten years, but 
it is disturbed by its inability to satisfy, 
at least in some part, those applications 
which most certainly could qualify for 
assistance if additional funds were avail- 
able. The Executive Committee will be 
asked to consider the long-range aspects 


* Four of these subsequently did not 
accept the awards. 
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of this activity at its meeting this fall. 
Harlow Shapley, Chairman, 
Grants-in-Aid of Research Committee. 
The awards granted and accepted are: 

1. George A. Agogino, Eastern New 
Mexico University. “The casting of 
Paleo-Indian points from the Clovis 
and Folsom horizons at the Blackwater 
Draw site locality No. 1’’; $400. 

2. Roger A. Anderson, University of 
Colorado Museum. “Lichen Flora of 
Rocky Mountain National Park, Colo- 
rado”; $500. 

3. Kenneth K. Asplund, University 
of California, Los Angeles. ‘‘The syste- 
matics and ecology of Cnemidophorus 
maximus (Teiidae) in Baja, Cali- 
fornia” ; $300. 

4. Theodore Axenrod, The City 
College of New York. “Conformational 
aspects of biradical intermediates”; 
$400. 

5. Lawrence H. Balthaser, Indiana 
University. “A sedimentological and 
paleoecological study of middle Chester 
strata in southern Indiana” ; $200. 

6. John C. Barnes, Queen’s College, 
St. Andrews University, Dundee, Scot- 
land. “Solvation phenomena in in- 
organic complexes and formation con- 


The attention of the member- 
ship is called to the fact that ALL 
correspondence with respect to 
Grants-in-Aid of Research should 


be addressed to the Executive 
Secretary, Professor T. T. Holme, 
at 51 Prospect Street, New Haven 
11, Conn. 








Meet a front-line member of GM’s management team . . . the on- 
the-job manager who makes things go in a General Motors ‘plant. 
In his job, he is a man of many talents. 


He interprets blueprints, sketches, orders, ideas . . . and he puts 
them into action. He trains workers and places them in jobs they 
are best qualified for. And he is responsible for the performance 
and safety of his men, as well as for the quality of their work. 


There are 16,000 foremen in GM ... a great many of them up 
from the ranks of the men they supervise. Their knowledge, ex- 
perience and judgment are essential to General Motors progress. 


People—able, dedicated people—are GM’s greatest asset . . . and 
none is more important than the foreman, a capable, experienced 
member of the General Motors management team. 


GENERAL MOTORS IS PEOPLE 
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stants and redox potentials of complexes 
and their relation to charge transfer 
spectra”; $425. 

7. Raymond D. Barnes, University 
of California, Davis. “The relative im- 
portance of fetal versus maternal mecha- 
nisms in the initiation of parturition’’; 
$110. ° 

8. Delia M. Barreto, University of 
Oxford, England. “The study of the im- 
portance of stromal abnormalities in the 
modification of red cell shape’’; $500. 

9. James H. Barrow, Jr., Hiram 
College, Ohio. “Studies of immune re- 
sponses in poikilothermic vertebrates”; 
$375. 

10. Peter N. Bartlett, University of 
Colorado. ‘‘Population structure and 
energy intake of Sceloporus occidentalis” ; 
$275. 

11. Suzanne W. T. Batra, University 
of Kansas. “The behavior and ecology 
of sweat bees (Halictini) of India’; 
$692. 

12. Laurence E. Bayless, Tulane 
University. “Ecological relationships be- 
tween symatric populations of Acris 
gryllus and A. crepitans (Amphibia; 
Anura) in southeastern Louisiana’; 
$400. 

13. Albert J. Beck, University of 
California, Davis. ‘Seasonal movement 
patterns of Myotis yumanensis’’; $325. 

14. James B. Benedict, University of 
Wisconsin. “Solifluction movement 
rates”; $175. 

15. Patricia R. Bergquist, Univer- 
sity of Auckland, New Zealand. ‘‘Hxami- 
nation of Lendenfeld’s material to com- 
mence a revision of the Keratosa utiliz- 
ing modern systematic techniques’; 
$1000. 

16. Sarah A. Bernhardt, University 
of Massachusetts. “A year round in- 
vestigation of the fauna associated with 
Sphagnum moss in several ecological 
situations and dealing primarily with 
the Arthropods” ; $550. 

17. William E. Bickley, University 
of Maryland. “Mosquito behavior”; 
$400. 

18. Paul H. Biebel, Dickinson Col- 
lege. “Morphology and cytology of 
zygospore germination in Saccoderm 


Desmids”’; $1000. 
19. Carman A. Bliss, University of 
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Southern California, “Investigation of 
the glycoside from Mentzelia laevicau- 
lis”; $500. 

20. Carol A. Bocher, Bryn Mawr 
College. “Studies in lens induction in 
Fundulus heteroclitus” ; $425. 

21. Digamber S. Borgaonkar, Uni- 
versity of North Dakota. ‘‘Genecological 
studies on the Agropyrons’’; $400. 

22. Zeddie P. Bowen, University of 
Rochester. “Brachiopoda of the Keyser 
and Helderberg formations of Pennsyl- 
vania” ; $400. 

23. Branley A. Branson, Kansas 
State College. “Comparative cephalic 
and appendicular osteology of the fish 
family Catostomidae. Part II. Ictiobus” ; 
$375. 

24. Douglas C. Brew, Cornell Uni- 
versity. “Stratigraphy and paleontology 
of the Naco formation of central Ari- 
zona” ; $400. 

25. Jerome Brezner, State Univer- 
sity of New York at Syracuse. ‘‘Molecu- 
lar heterogeneity and specificity of in- 
sect glycolytic enzymes”; $275. 

26. Douglas G. Brookins, Kansas 
State University. “Rb-Sr geochrono- 
logical investigations of some peridotite 
plugs, Riley County, Kansas”; $450. 

27. Edwin H. Brown, University of 
California, Berkeley. ‘Petrology of 
greenschist facies rocks in Eastern 
Otago, New Zealand” ; $800. 

28. Hannes K. Brueckner, Yale Uni- 
versity. “Stratigraphy, structure, and 
petrology of metasediments and gneisses 
covering bulk of Tafjord area, at the 
eastern tip of Storefjorden in west-cen- 
tral Norway”; $200. 

29. James E. Bugh, Western Reserve 
University. ‘“‘Geomorphology of the 
Sangre de Cristo Mountains, San Miguel 
County, New Mexico’’; $250. 

30. James A. Cain, Western Reserve 
University. “Quantitative petrology of 
the red rapakivi granites of northeastern 
Wisconsin’’; $300. 

31. Howard W. Campbell, Univer- 
sitv of California, Los Angeles. ‘‘Ther- 
moregulatory mechanisms in the snake, 
Masticophis flagellum” ; $300. 

32. Raymond A. Cappellini, Rutgers 
University. “The role of zinc in the syn- 
thesis of cytochrome C in the smut fun- 
gus Ustilago sphaerogena’’; $600. 
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33. Karl J. Casper, Western Reserve 
University. ‘“‘Beta-gamma angular cor- 
relations from excited nuclei using high 
resolution solid state detectors”; $675. 

34. Charles J. Cazeau, State Uni- 
versity of New York at Buffalo. ‘Sedi- 
mentary petrology of pleistocene glacial 
deposits of Erie County and vicinity, 
New York”; $500. 

35. Samyel J. Ciurca, Jr., Museum 
of Petrified Wood, Rochester. “Search 
for land plants from the Silurian of New 
York State”; $400. 

36. Wilbur B. Clarke, Southern Uni- 
versity. “Preparation and infrared study 
of metal chelates of N-benzoyl-N’-ben- 
zenesulfonylhydrazides with relation to 
the McFadyen-Stevens reaction”; 
$1200. 

37. Russell E. Clemons, University 
of Texas. “Geology and structural inter- 
pretation of the Chiquimula area, 
Guatemala”; $500. 

38. James A. Clifton, University of 
Kansas. “A diachronic study of the 
Potawatomi Drum Cult. Analysis of the 
origin of and stability and change with 
a nativistic cult movement among the 
Prairie Potawatomi, and of the functions 
of the Cult in contemporary Potawatomi 
culture”; $700. 

39. Kent C. Condie, University of 
California, San Diego, “Petrology and 
geochemistry of the late Precambrian 
rocks of the northeastern Great Basin’’; 
$200. 

40. Paul P. Cook, Jr., Seattle Uni- 
versity. “A re-evaluation of the sub- 
familiam, tribal, and generic relations in 
the family Membracidae, based on an in- 
vestigation of the male genitalia. (In- 
secta; Homoptera)’’; $500. 

41. John D. Corbit, University of 
Pennsylvania. ‘Intravenous feeding and 
drinking in the rat”; $700. 

42. Donald J. Crowley, Brown Uni- 
versity. “The paleoecology of a marine 
algal bank in the Wyandotte formation 
(Upper Pennsylvanian) of eastern Kan- 
sas”; $500. 

43. Harold A. Curran, University of 
North Carolina. ‘Conodonts from the 
Lincolnshire formation (Middle Ordovi- 
cian) of Virginia’’; $250. 

44, Michael D. Dahlberg, Tulane 
University. “A systematic review of the 
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menhaden (Brevooria sp.) of the Gulf 
Coast of the United States’’; $300. 

45. Donald W. Davidson, University 
of Alabama. “The effects of two con- 
trasting light regimes on growth of six 
shrub species from the upland forests of 
northern New Jersey, as reflected in leaf 
anatomy” ; $425. 

46. Patricia J. DeCoursey, Wash- 
ington State University. “Preparation 
of 5 manuscripts from completed ex- 
periments for scientific publication’’; 
$1000. 

47. Donald G. DeLisle, Simpson Col- 
lege, Indianola, Iowa. ‘“Cytotaxonomic 
studies of the North American species of 
Aristida (Gramineae)’’; $400. 

48. George H. Denton, Yale Uni- 
versity. “Glacial geology of the north- 
eastern border of the St. Elias Moun- 
tains, Yukon Territory, Canada’; $200. 

49. Sister Mary Howard Dignan, 
Clarke College, Dubuque, Iowa. ‘“Sta- 
bilization of ego identity in college stu- 
dents over a two year period’’; $400. 

50. Vincent DiLollo, Indiana Uni- 
versity. ‘“The Amsel ‘Frustration Effect’ 
and its relation to adaptation level’’; 
$600. 

51. James R. Dixon, New Mexico 
State University. “The systematics and 
distribution of the lizard genus Phyllo- 
dactylus in North and Central America’’; 
$375. 

52. Julian P. Donahue, Michigan 
State University. “Taxonomy of Indian 
butterflies: their discrimination, distri- 


bution, variation and abundance’’; 
$425. 

53. Garnett M. Dow, University of 
Illinois. “Structure, petrology, and 


stratigraphy of volcanic and sedimen- 
tary sequence of coastal Maine”; $250. 

54. Daniel E. Dupree, Northeast 
Louisiana State College. “An extension 
of the Cauchy rational function inter- 
polation formula’’; $600. 

55. Thomas Erber, Illinois Institute 
of Technology. “Dynamics of a mag- 
netic cooperative system’’; $900. 

56. Steven E. Farkas, University of 
New Mexico. “Tertiary volcanic and 
structural geology of the San Mateo 
Mountains of west-central New Mex- 
ico”; $575. 

57. Norma D. Feshbach, University 
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of Colorado. “The effects of ordinal 
position on personality as a function of 
social class’’; $600. 

58. Klaus H. Fischer, Duke Univer- 
sity. “An analysis of the orientation 
abilities of newly-hatched green turtles, 
Chelonia myclas’’; $600. 

59. Harold D. Fishbein, Indiana 
University. “The interaction of classical 
eyelid conditioning and operant con- 
ditioning of the eyelid response”; $400. 

60. Maureen P. Fitzgerald, Mary- 
mount College, New York, N.Y. ‘Chil- 
dren’s perception of the parental role— 
its relation to the learning of the sex role 
and preference for own sex role’’; $300. 

61. Myrna W. Fivel, University of 
Pennsylvania. “The development of the 
concept of numerical equivalence in 
normal and mentally retarded chil- 
dren”; $625. 


62. Sister M. Rita Flaherty, Mount 
Mercy College, Pittsburgh. ‘Person- 
ality traits of college leaders”; $200. 

63. Sister Mary Albert Fleming, 
Marygrove College, Detroit. ‘The 
preparation and coordination chemis- 
try of a variety of compounds contain- 
ing adjacent nitrogen and phosphorus 
atoms”; $500. 


64. Benjamin A. Foote, Kent State 
University. ‘Biology and immature 
stages of northwestern Tetanocera (Dip- 
tera: S¢iomyzidae)’’; $300. 

65. Warren C. Forbes, Brown Uni- 
versity. “Synthesis and stability of 
Grunerite’’; $700. 

66. Robert L. Foster, University of 
Missouri. ‘Petrology and geochemistry 
of some igneous and metamorphic rocks 
in north-central Alaska’’; $500. 

67. Sister Alice M. Fox, Clarke 
College, Dubuque, Iowa. “Mechanisms 
of intestinal absorption of D-glucose: a 
study of P/O ratios in the presence of 
inhibitors”; $300. HSIEN WU «& 
DAISY YEN WU AWARD. 

68. David S. Fullerton, Yale Uni- 
versity. “Glacial geology of the upper 
Mohawk region, New York’’; $200. 

69. Jagannath Ganguly, Indian In- 
stitute of Science, Bangalore, India. 
“Lipid metabolism” ; $1200. 

70. Earl W. Gardner, Texas Chris- 
tian University. ‘Application of indirect 
fluorescent antibody techniques to the 
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detection of Vibrio cholerae antibodies 
in rabbit serum’’; $750. 

71. Ram Gopal, Lucknow Univer- 
sity, Lucknow, India. “Study of the 
solutions of high dielectric constant’’; 
$250. 

72. Robert B. Gordon, Yale Univer- 
. “Precision celestial navigation’; 


73. Clyde E. Goulden, Yale Univer- 
sity. “A systematic revision of the 
cladoceran genera Moina, Ceriodaphnia, 
Simocephalus, and Diaphanosoma’’; 
$600. 

74. Leonard Grosso, Long Island 
University. “Fetal testicular production 
of testosterone and A‘ androstene 3.17 
dione”; $1000. 

75. Florence A. Grosvenor, Univer- 
sity of Rochester. “Brachiopods in the 
Rosendale Quadrangle, in the Rondout 
formation, southeastern New York”; 
$100. 


76. Walter T. Haenggi, University of 
Texas. “Structural geology and stratig- 
raphy, Cañon de Navarette, Chihuahua, 
Mexico”; $500. 

77. Joseph G. Hall, San Francisco 
State College. “Ecology of the Kaibab 
squirrel’’; $400. 

78. Howard D. Hammond, Howard 
University. “Systematic investigations 
of the solanaceae by paper chromatog- 
raphy of phenolic substances”; $200. 

79. Larry J. Harms, University of 
Kansas. “Cytotaxonomic investigations 
of the genus Eleocharis in the United 
States”; $500. 


80. Charles W. Harper, Jr., Cali- 
fornia Institute of Technology. “Evolu- 
tion of the brachiopod family Stropheo- 
dontidae Caster 1939”; $250. 

81. Roger A. Hart, Yale University. 
“The application of oxygen isotopes to 
economic geology” ; $200. 

82. William E. Hatfield, University 
of North Carolina. “The magnetic and 
spectral properties of vanadyl complexes 
with tridentate Schiff bases”; $625. 

83. Robert P. Higgins, Wake Forest 
College. “Redescription of Echinoderes 
steineri Chitwood, 1951 from the Texas 
Gulf Coast and investigation of other 
regional Kinorhynch fauna”; $325. 

84. Lee R. High, Jr., Rice Univer- 
sity. “Recent coastal sediments of 
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British Honduras”; $1000. 

85. Kenneth D. Hopkins, University 
of Washington. ‘Pleistocene glaciation 
of Ingalls Creek Valley, east-central 
Cascade Range, Washington”; $300. 

86. Harry T. Horner, Jr., Northwest- 
ern University. “Cellular differentiation 
and development in the reproductive 
cycle of Selaginella” ; $755. 


87. Shiu-ying Hu, Radcliffe College. 
“The taxonomy and evolution of the 
genus Ilex (including the Christmas 
holly). $400. 


88. James E. Huheey, Worcester 
Polytechnic Institute. ‘The application 
of mathematical methods for delinea- 
tion of biogeographical regions—-exten- 
sion of the method to new groups, such 
as fishes, mammals, or birds”; $175. 

89. Tadashi Inagami, Yale Univer- 
sity. “The mechanism of the specificity 
of trypsin catalysis”; $425. 

90. Marietta R. Issidorides, Uni- 
versity of Athens, Athens, Greece. 
“Morphology and cytochemistry of mice 
neurons after treatment with puro- 
mycin’; $1000. 

91. Marie M. Jenkins, Madison 
College, Harrisonburg, Virginia. “Aging 
in the planarian, Dugesia dorotocephala’’ ; 
$700. 


92. Donald R. Johnson, Fort Lewis 
A & M College. “Diet and energy value 
of the food of Colorado Pikas”; $375. 

93. Wendel J. Johnson, Michigan 
State University. “A geographic and 
ecological study of the Herpetofauna of 
the Upper Peninsula of Michigan, in- 
cluding Isle Royale”; $275. 

94. Peter B. Jones, Colorado Schocl 
of Mines. ‘Structure of the Howell 
Creek window and adjacent area”; 
$400. 

95. Robert E. Jones, Washington 
State University. “The habitat of the 
Sharp-tailed Grouse in Washington: an 
analysis of the habitat requirements of 
the sharp-trailed grouse (Pedioecetes 
phasianelius columbianus)” ; $300. 

96. Carl F. Jordan, Rutgers—-The 
State University. ‘The influence of fire 
in the deciduous forests of northern 
New Jersey upon: litter and nutrient 
availability in the soil; shrub and ground 
cover; hard maple as a climax species in 


New Jersey; production of annual rings 
by oak; seedling survival”; $500. 

97. Roger L. Kaesler, University of 
Kansas. “Geographic variation in spe- 
cies of the ostracode genus Loroconcha 
from the British Isles”; $1200. 

98. Asok K. Kar, Presidency College, 
Calcutta, India. “Investigation on the 
plasmodial growth and taxonomy of In- 
dian Myxomycetes”; $300, 

99. Michael M. Katzman, Michigan 
State University. “The contribution of 
non-ferromagnetic minerals to the total 
magnetic susceptibility of the Mellon 
granite’; $250. 

100. Harry Kaufmann, University of 
Toronto, Canada. “Determinants and 
properties of aggressive behavior”; 
$700. 

101. M. Allan Kays, University of 
Oregon. “Gravity and petrographic in- 
vestigations of the major tectonic ele- 
ments in the Klamath Mountains of 
southwestern Oregon’’; $1000. 

102. Richard M. Klein and Arthur 
Cronquist, New York Botanical Garden. 
“Preparation of a review on the phylog- 
eny and evolution of the thallophytes’’; 
$700. 

103. Donald T. Kowalski, University 
of Michigan. “Developmental and cy- 
tological studies in the ascomycetes’’; 
$200. 


104. Clair L. Kucera, University of 
Missouri. “The humification process of 
prairie root systems’’; $400. 

105. James M. Lammons, Michigan 
State University. ‘“Microfloral elements 
and palynological zonation of the Pierre 
shale (Gulfian) of the northern mid- 
continent region”; $300. 

106. Ira La Rivers, University of 
Nevada. “An annotated checklist and 
keys to the known freshwater algae of 
Nevada”; $400. 

107. Donald A. Levin. University of 
Illinois. “The role of hybridization in the 
evolution of the eastern Phloxes’’; 
$800. 

108. Jay H. Linam, University of 
Utah. “The culex mosquitoes of the 
Rocky Mountain region’’; $500. 

109. Donald C. Lowrie, California 
State College at Los Angeles. ‘The 
ecology, especially habitats and niches, 
of the spiders of the genus Pardosa in 
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the western United States’’; $500. 

110. Murrill M. Lowry, Butler Uni- 
versity. ‘Environmental and aging 
effects on compensatory hypertrophy of 
the testes in CH mice after unilateral 
castration” ; $500. 


111. Arthur A. Mackay, University of 
Victoria, Victoria, British Columbia. 
“A zoogeographical study of the mam- 
mals of the Grand Manan Archipelago, 
New Brunswick”; $300. 

112. Louis A. Madonna, Pennsylvania 
Military College. ‘“Time-varying tem- 
perature fields in an expanded gas sys- 
tem’’; $1200. 


118. John G. Magnus, Bard College, 
New York. ‘Description of genetic dif- 
ferences in the spermatozoa of inbred 
rabbits, to be studied through selective 
survival under specific stress con- 
ditions” ; $200. 

114. Juanita P. Marotta, University 
of Minnesota. “Factors affecting the 
vegetation differentiation in a wetland 
ecosystem in the Cedar Creek natural 
history area’’; $325. 

115. Paul M. Marsh, University of 
California, Davis. ‘The subfamily 
Doryctinae in North America with a 
taxonomic revision of the genera Ecphy- 
lus Foerster and Paraeophylus Ashmead 
(Insecta, Hymenoptera, Braconidae)”; 


$400. 


116. Joseph A. Marshall, University 
of Maryland. “The reproductive be- 
havior and functional significance of 
sound production by the croaking 
gourami, Trichopsis vittatus”; $275. 

117. Jamshed D. Mavalwala, Luck- 
now, U.P. India. “Dermatoglyphics as 
a measure of group distance in Homo 
sapiens”; $300. 

118. Jack R. Maze, University of 
California. ‘‘Past hybridization between 
Quercus gambelii Nutt. and Q. macro- 
carpa Michx. and its phytogeographic 
implications” ; $525. 

119. John C. McCain, Virginia In- 
stitute of Marine Science. “Subspecia- 
tion of the caprellid amphipod, Aeginina 
longicornis (Kroyer, 1843) along the 
Atlantic Coast of North America’’; 
$250. 


120. Howard McCarley, Austin Col- 
lege, Sherman, Texas. ‘Differential re- 


production in Citellus tridecemlineatus” ; 
$420. 

121. Ian N. McCave, Brown Univer- 
sity. “A sedimentological analysis of 
certain rocks of the Hamilton group 
(Devonian)’’; $450. 

122. Alister W. McCrone, New York 
University. “Sedimentary antl paleonto- 
logic changes across the upstream limit 
of the Hudson River Estuary”; $400. 

123. Dennis J. McGinty, University 
of Pennsylvania. “The regulation of 
sleep”; $800. 

124. Virgil V. McKenna, College of 
William and Mary. “Background stimu- 
lation and reliability of kinesthetic figu- 
ral after-effect’’; $700. 

125. Arnold S. E. Menke, University 
of California, Davis. “A revision of the 
neotropical species of Ammophila (Hy- 
menoptera, Sphecidae)’’; $700. 


126. Merle E. Meyer, Whitman Col- 
lege. “The internal clock hypothesis for 
astro-navigation in birds”; $975. 

127. Daniel F. Millikan, University 
of Missouri. “Separation of apple virus 
complex through mechanical transmis- 
sion to herbaceous hosts and serological 
relationships of these entities”; $200. 

128. Roy C. Milton, University of 
Minnesota. ‘‘Calculation with high ac- 
curacy of rank order probabilities for the 
case of samples from two normal popu- 
lations which differ only in location pa- 
rameter” ; $1000. 


129. Robert H. Mohlenbrock, South- 
ern Illinois University. “A revision of 
the genus Inga (Leguminosae)”; $500. 

130 Hugh C Morris, Port Arthur, 
Ontario, Canada “Dating two orogenic 
events in the geological history of an 
area near Manitouwadge, in N.W. On- 
tario, Canada” ; $330. 

131. H. Geoffrey Moser, University of 
Southern California. “Reproductive and 
developmental biology of the rockfishes 
(Sebastodes) occurring off the coast of 
Southern California”; $650. 

132. John A. Musick, Harvard Uni- 
versity. “Study of the natural history of 
the Red and White Hakes, Urophycis 
chuss and U. tenuis, in the western 
North Atlantic”; $350. 

133. Syed A. Nasar, E. P. University 
of Engineering & Technology, Dacca, 
East Pakistan. “Certain optimization 
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problems in electromechanical energy 
conversion” ; $100. 

134. Colleen H. Nelson, Winnipeg, 
Manitoba, Canada. “A guide to the day- 
old young of the North American Ana- 
tidae” ; $500. 

135. James P. A. Noble, Western 
Reserve University. “A paleoecologic 
study of a potential oil bearing reef in 
western Canada”; $300. 

136. Norman J. Norton, University of 
Minnesota. ‘“‘Acid-insoluble microfossil 
investigation of upper and middle De- 
vonian formations in Iowa” ; $500. 

137. James F. Olmstead, Michigan 
State University. “Petrology and geo- 
chemistry of the Mellen Gabbro, north- 
ern Wisconsin”; $500. 

138. Donald F. Oltz, University of 
Minnesota. “A palynological analysis of 
Upper Cretaceous and Lower Tertiary 
deposits in Carter County, Montana’’; 
$500. 

139. Denis F. Owen, Makerere Uni- 
versity College, Kampala, Uganda. 
“Polymorphism and population density 
in the African land snail, Limicilaria 
martensiana’’; $300. 

140. John J. Ozoga, Michigan State 
University. “The social behavior of 
whitetailed deer during the winter yard- 
ing period, as influenced by changes in 
climatic conditions’’; $400. 

141. Fred K. Parrish, Agnes Scott 
College, Decatur, Georgia. ‘“The mecha- 
nisms involved in the spontaneous re- 
covery of the cricket, Gryllus assimilis, 
from gregarine infections” ; $425. 

142. Thomas M. Pike, University of 
Massachusetts. “Structural geometry of 
the Tully body of Monson gneiss”; 
$375. 

143. Gilbert C. Pogany, Tulane Uni- 
versity. “A homogenetic induction sys- 
tem and the problem of cellular differ- 
entiation in the chick’’; $500. 

144. George H. P. Popper, University 
of Massachusetts. “Stratigraphic and 
tectonic history of the Memramcook for- 
mation of non-marine redbeds of New 
Brunswick, Canada’; $500. 

145. Alexander D. Poularikas, Uni- 
versity of Arkansas, “Continuation and 
completion of the problem, ‘Impedance 
vs. frequency characteristics of a D-C 
plasma’ ’”’; $400. 


262A 


146. Albert M. Powell, Sul Ross State 
College, Alpine, Texas. ‘“Cytotaxonomy 
and evolution in the genus Tridax”; 
$800. 

147. Bhartur N. Premachandra, Vet- 
crans Administration Hospital, St. 
Louis, Missouri. “Thyroxine secretion 
rate in experimental animals, utilizing a 
whole-body counter” ; $500. 

148. Paul D. Pushkar, University of 
California, San Diego. “The isotopic 
composition of strontium in volcanic 
rocks”; $400. 

149. Clifton P. Quinn, University of 
Pennsylvania. “A source of individual 
differences in the affiliation motive’’; 
$500. 

150. Richard J. Ramsey, University 
of Connecticut. ‘“The measurement and 
possible conditioning of eye movements 
by utilizing the dipole nature of the 
corneal-retinal potential to provide 
electro-oculographic indices”; $1200. 

151. Charles A. Reed, Yale Univer- 
sity. “The cultural history and chang- 
ing mode of life of man in the valley of 
the Nile in Egyptian Nubia during the 
Pleistocene and early Recent, with cor- 
related studies in the changing paleo- 
environment and the geological history 
of the Nile River”; $1000. 

152. Philip J. Regal, University of 
California, Los Angeles. ‘Thermal 
ecology, thermoregulation and biological 
rhythmicity—their relationships to 
population structure and activity in 
tropical lizards of the family Xantusi- 
idae”; $750. 

153. Edward L. Richards, State Col- 
lege, Arkansas. “Vascular plants of 
Crowley’s Ridge in Arkansas”; $200. 

154. Charles C. Riecken, Virginia 
Polytechnic Institute. “A  petrologic 
study of the Independence igneous 
mass”; $400. 

155. Charles V. Riley, Kent State 
University. “A five year limnological 
study of a newly created acid mine water 
impoundment”; $500. 

156. John Riva, Villanova University. 
“Time and mode of thrusting of alloch- 
thonous western facies on the H D 
Range, southeast of Contact, Nevada’’; 
$200. 

157. Press L. Robinson, Southern 
University. “The electrochemical study 
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of the behavior of Molybdenum(VI) 
oxide dissolved in molten alkali metal 
molybdate salts’’; $1000. 


158. William Blaine Robinson, South- 
ern University. “A study of the steroidal 
sapogenin content of some Dioscorea- 
ceae’; $400. HSIEN WU & DAISY 
YEN WU AWARD. 

159. Guy Harlen Rooth, Oregon State 
University. ‘“¢Biostratigraphy and pa- 
leoecology of the Middle Tertiary Em- 
bayment, Newport, Oregon’’; $500. 

160. Lily Riidenberg, Harvard Uni- 
versity. “Effect of various nutrients on 
pairing relationships in meiosis using 
hybrids and non-hybrid species of to- 
mato (Lycopersicum spp.)’’; $275. 

161. Norman A. Rukavina, Univer- 
sity of Rochester. “Particle orientation 
as a fluid properties index’’; $190. 


162. Don L. Sawatzky, Colorado 
School of Mines. “Structural history of 
the Elkhorn Thrust and its bearing on 
the evolution of South Park and West- 
ern Front Range’’; $525. 


163. Sister M. Roswitha Schauls, Col- 
lege of Saint Teresa, Winona, Minne- 
sota. “Study of soils in Winona area, 
specifically for Strontium—90 content” ; 
$200. 


164. Hans U. Schmincke, University 
of California, Santa Barbara. “Stratig- 
raphy, petrology and dispersal systems 
of the Lower Ellensburg formation in 
south-central Washington’’; $550. 

165. Richard E. Schultes, Harvard 
University. “Herbarium specimens and 
manuscript. notes on the rubber-produc- 
ing genus Hevea’’; $425. 


166. Charles E. Shaw, Jr., Brown Uni- 
versity. “Relation between the evolu- 
tion of large and small scale structural 
features and the chemical, mineralogi- 
cal, and structural evolution of a con- 
cordant granitic pluton near Milford, 
Massachusetts” ; $500. 


167. Robert E. Shoemaker, Univer- 
sity of Minnesota. “Pollen and spores of 
the Judith River formation, the type 
locality, in central Montana”; $400. 

168. John F. Shroder, Jr., University 
of Utah. “Landslides of Utah”; $400. 

169. Peter L. Siems, Colorado School 
of Mines. “The mineral deposits and 
hydrothermal rock alteration of the 
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Rosita Hills, Custer County, Colorado” ; 
$400. 

170. Edwin B. Smith, University of 
Kansas. “Cytological, morphological, 
and biosystematic study of Haplopappus 
divaricatus (Nutt.) Gray’’; $450. 

171. Lois C. Smith, Russell Sage 
College. “Reactions of triethylphosphite 
with aromatic nitro compounds to effect 
ring closures”; $500. 

172. Courtenay N. Smithers, Aus- 
tralian Museum, Sydney, Australia. 
“Research on Psocoptera” ; $200. 

173. Kenneth G. Snetsinger, Stanford 
University. “Igneous and metamorphic 
petrology-mineralogy of an area south of 
Yosemite National Park, California’; 
$200. 

174. Noel F. R. Snyder, Cornell Uni- 
versity. “Alarm reaction in fresh-water 
gastropods’’; $250. 

175. Richard A. Solberg, Montana 
State University. “Investigations on 
viruses found in plants native to the 
Rocky Mountain region of the United 
States’; $525. 

176. William E. Southern, Cornell 
University. ‘Development and appli- 
cation of telemetry equipment in Avian 
navigation studies’’; $1000. 

177. Norman E. Spear, Rutgers—The 
State University. “The effect of reward 
magnitude on the gradient of running 
speeds in acquisition and extinction”; 
$650. 

178. Randall S. Spencer, University 
of Kansas. “The Spiriferids of the 
Pennsylvanian of Texas” ; $575. 

179. Irwin M. Spigel, Temple Univer- 
sity. “Reptile psychochemistry: Physio- 
logical indices of differentially produced 
stress in turtle’’; $600. 

180. Peter D. Spoecker, San Fer- 
nando Valley State College. ‘Ecologi- 
cal relations of some Mojave desert rep- 
tiles”; $500. 


181. Lionel A. Stange, University of 
California, Davis. “Revision of the 
Brachynemurini (Neuroptera: Myrme- 
leontidae) of North America’’; $750. 

182. Robert D. Staton. Harvard Uni- 
versity. “Specializations of the lizard 
mandible”; $300. 

183. Alfred D. Steinberg, Harvard 
University. “The fitness of the environ- 
ment and the origin of life; both philo- 


sophical and scientific aspects will be 
considered, with emphasis on the lat- 
ter”; $400. 


184. Robert Martin Steinman, Uni- 
versity of Pennsylvania. “Effects of 
area luminance and wave length on the 
monocular fixation mechanism and 
modification of the monocular fixation 
mechanism’’; $600. 

185. Alan M. Stueber, University of 
California, San Diego. “A strontium 
isotope and trace element study of ultra- 
mafic rocks”; $400. 

186. Lawrence W. Swan, San Fran- 
cisco State College. “Ecology of the 
east slope of Mt. Orizaba, Mexico’’; 
$1200. 


187. Richard L. Taber, Colorado Col- 
lege. “An investigation of 2,7-diaryl- 
4,5,9,10-tetrahydropyrenes as liquid 
scintillation solutes”; $250. 

188. James R. Tamsitt, University of 
Bridgeport. “A study of type and other 
Columbian bats (Order Chiroptera) in 
the American Museum of Natural His- 
tory, New York’’; $300. 


189. Jane Taylor, Mount Holyoke 
College. ‘Morphological studies of ga- 
metophyte-sporophyte relationships in 
the leafy Hepaticae with special refer- 
ence to the Perigynium’’; $500. 

190. Edward E. Terrell, U.S. De- 
partment of Agriculture, Beltsville, 
Maryland. ‘“Taxonomic problems in the 
Houstonia caerulea and H. purpurea 
groups (Rubiaceae)’’; $200. 

191. Jamie E. Thomerson, Tulane 
University. “A comparative study of 
variation in two sibling species of Fun- 
dulus (Pisces, Cyprinodontidae)’’; $500. 

192. Charles A. Torbit Jr., Fountain, 
Colorado. ‘Animal ecology of high 
prairie” ; $400. 

193. Elizabeth A. Tyrrell, Smith Col- 
lege. “Mechanisms of autolysis in broth 


cultures of Listeria monocytogenes”; 
$700. 

194. Tracy L. Vallier, Oregon State 
University. ‘‘The pre-tertiary geology of 
the southeastern Wallowa Mountains, 
Oregon, and the southwestern Seven 
Devils Mountains, Idaho” ; $500. 

195. Robert E. Van Atta? Southern 
Illinois University. “A descriptive cod- 
ing system for infrared spectra”; $500. 

196. Benjamin D. Vance, North 
Texas State University. “A definitive 
work is planned to study the physio- 
logical effects of toxic blue-green algae 
on common game fish of north-central 
Texas” ; $650. 

197. Terry A. Vaughan, Colorado 
State University. “Functional morphol- 
ogy of the wings of four vespertilionid 
bats” ; $250. 

198. Charles Weiss, Philadelphia, 
Pennsylvania. “Preparation and publi- 
cation of a monograph : “Anthropological 
and medical aspects of circumcision ”; 
$500. 

199. Booker T. Whatley, Southern 
University. “A comparison of tech- 
niques for inducing flowering in Ipo- 
moea Batatas” ; $1400. 

200. Clayton M. White, University of 
Utah. “Peregrine falcon populations of 
North America, a revision”; $700. 

201. Henry O. Whittier, University of 
Hawaii. “Ecological and şystematic 
studies on mosses of the Society 
Islands”; $500. 

202. Catherine M. Whittle, Provi- 
dence, Rhode Island. “The effect of 
temperature and other factors on the 
movement of labelled carbohydrates in 
Bracken (Pteridium aquilinum)”; $170. 

203. James B. Zaitzeff, Michigan 
State University. ‘‘Palynological inter- 
pretation of the Navarro group sedi- 
ments (Upper Cretaceous) of Texas”; 


$900. 
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SCIENCE IS EVERYBODY’S BUSINESS 
By J. TUZO WILSON 


Throughout most of its brief history 
science has been regarded as a mystery 
practiced and understood by few. Its 
devotees have deliberately shunned the 
headlines, while engaged in the work 
which unexpectedly has become the 
news of the century, for it has altered 
the world’s economy and forever 
changed relations among countries. 
Almost overnight, people and govern- 
ments have awakened to the power of 
science which in our time has created 
unprecedented wealth, unconquerable 
military power, and instant communica- 
tions for some of the world and hope of 
these for the rest. Such profound 
changes have redirected the course of 
human society. They have affected us 
all. Suddenly science is everybody’s 
business. 


The Power of Science 


Many resent this escape of science 
from the laboratory and its intrusion 
into their affairs. They do not under- 
stand it; they instinctively fear its 
power; and they dislike its cold and 
impersonal nature. 

Such reactionaries denigrate the 
effects of science. They say correctly 
that its impact on society is no more 
profound than was the discovery of 
agriculture, that its influences are not so 
powerful as have been those of the great 
religions and philosophies of the past. 
This debate is irrelevant. The strength 
of the impact of science on us derives 
from the speed with which it is effecting 
changes and from the accuracy with 
which it can be precisely aimed at 
selected targets. In comparison, the 
great changes of history have been slow 
and haphazard. Agriculture took mil- 
lenia to spread, the great religions cen- 
turies, but the effects of science have 
been cataclysmic in our generation. 
Its revolutionary effects have burst 
upon us with a suddenness only to be 
compared with Genghis Khan’s con- 
quest of Asia, the march of the Black 
Death across the civilized world, and 
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the discovery of the Americas by Colum- 
bus. Our whole framework of thought 
has been shaken and governments are 
now awakening to the problems posed 
by the powers of science and the ne- 
cessity and expense of maintaining it. 

Many realize the speed of change, but 
few appreciate that, unlike social forces 
of the past, science can be directed by 
men to specific, chosen aims. In 1940, 
the idea of releasing atomic power was 
conceived. Five years and a few billion 
dollars later that power was generated. 
In 1951, the International Geophysical 
Year was proposed, and a start to space 
travel was incorporated as one of its 
objectives. Once again, a few years of 
adequately supported effort produced 
an astonishing achievement. 

The unique power of science is that 
by it man now has the capacity to 
transform the material world if he can 
conceive and plan and organize what 
he wishes to do. The conquest of famine, 
the control of disease, the spread of edu- 
cation and the provision of plenty are 
materially possible. What is lacking is 
the human capacity to cooperate and 
plan. 

This is what has distinguished the 
scientific revolution from technological 
changes of the past. 

Until this century, improvements 
were made by trial and error. Even 
such recent inventions as the steam 
engine, the automobile, agricultural 
and factory machines, the telephone 
and the motion-picture camera were so 
developed. Only in our time has the 
scientific method supplanted trial and 
error and accelerated technological 
change in an abrupt and revolutionary 
way. Being now accustomed to this 
headlong rush, we accept it as normal, 
but that is far from the case. 

Such speed is unique in history and 
it seems likely that it cannot last. 
We are living in a brief and unique 
period when speed of change has made 
society malleable and when science has 
given us power to plan and improve it. 
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Our problem is greater than that given 
to any previous generation. The 
challenge and the task for today and for 
tomorrow is to grasp this opportunity 
for human welfare. Can we rise to it? 


How Did Science Become 
* So Important? 


To understand the rise of science I 
think it well to outline the main steps 
in the development of human skills. 
There have been three major stages; 
those in which man learned to control 
himself, to organize society, and to 
harness nature. It is a fair approxi- 
mation to call these three skills the arts, 
the humanities, and the sciences. These, 
I suggest, are not three cultures, but 
are elements which have been combined 
in additive fashion to create cultures. 
Of these complex cultures I think that 
there have been three. 

The first was the culture of the primi- 
tive savages who understood the arts 
alone. In the broadest sense, the arts are 
the skills of the individual: speech, the 
use of weapons and tools, painting, 
music, and the dance. A culture depend- 
ing only on the arts was the culture of 
primitive man before the discovery of 
agriculture. These savages lived as no- 
mads in small family groups, hunting 
and gathering for a living. Their life was 
like that of animal primates except that 
self-discipline and a knowledge of the 
arts distinguished man from the beasts. 
The Eskimos, some South American 
Indians, and the bushmen of Australia 
and South West Africa have been still 
living in this culture during this 
century. 

The discovery of agriculture ensured 
an ample food supply and introduced a 
second culture. Men were then able to 
settle in villages and develop communi- 
ties. To organize and control these com- 
munities, man invented the humanities: 
reading, writing, accounting, the skills 
of law and government. Great religions 
bloomed and standing armies were mo- 
bilized. In this sense the humanities 
includes the social sciences. But, in 
acquiring these new skills man did not 
discard the old ones of his primitive cul- 
ture. He retained the arts. For example, 
the ancient civilizations of Greece, 
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Rome, and China were based upon a 
culture of arts plus humanities. They 
became so welded together that, in 
today’s universities, faculties of humani- 
ties are known as Faculties of Arts. 
Today’s examples of this culture are the 
have-not nations such as India, China, 
and most of Africa. That they lack food 
and the basic necessities of life is because 
they have not introduced modern tech- 
nology and science into their economies. 

The third culture began when this was 
done. Now we are in this stage for we 
have learned how to harness nature, but 
industrial civilizations and modern na- 
tions are not built on science alone. They 
depend upon a combination of the arts, 
the humanities, and the sciences. Man 
cannot attempt to control nature unless 
he has control of society and of himself. 
One cannot do chemistry in a jungle, but 
only in a community of disciplined in- 
dividuals. 

The three elements have thus been 
combined to form a primitive culture 
based upon the individual skills or the 
arts alone, a middle culture based upon 
organized agricultural societies involving 
a knowledge of both arts and humanities, 
and a modern culture of industrialized 
societies requiring knowledge of all of 
the arts, humanities, and sciences. 

The idea that mankind has evolved 
through three cultures is not entirely 
new. Last month! C. F. Hackett and R. 
Asher described “The Human Revolu- 
tion” by which man evolved from ani- 
mals. They referred in their paper to two 
other revolutions described by V. Gor- 
don Childe as the Neolithic and Urban 
revolutions. I believe that we can say 
that the three cultures were started by 
these three revolutions. 

Only the developed and industrialized 
nations have yet reached the third cul- 
ture. The under-developed countries are 
in the second culture and a few outlying 
people are still in the first. Once people 
advance to a higher stage, they never go 
back. The reason is easy to understand. 

It has been estimated that, in Britain, 
before the Roman conquest and before 
the agricultural Bronze Age, no more 
than a few thousand people could 


1 Am. Sci., 62 (1), 70, March 1964. 
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scrounge a living from that chilly and 
forested island by hunting and gather- 
ing. For millennia that was its total pop- 
ulation. When land had been cleared and 
agriculture introduced, as many as sev- 
eral hundred thousand people lived there 
during the later Roman Empire and the 
middle ages. Since the industrial revolu- 
tion Britain has supported fifty millions, 
and each step has brought greater, not 
less, wealth to every man. These num- 
bers mean that, where one savage 
roamed, a hundred Romans plowed and 
today ten thousand people flourish. Each 
culture had roughly a hundred times the 
population of the last and even greater 
increases in wealth. 

The later stages of the third revolu- 
tion have been the most dramatic. Dur- 
ing this century mechanical technology 
has been overtaken by more powerful 
science. 


The Effects of Science 


The effect of the scientific revolution 
has differed from country to country. 

It has made the United States the 
richest and most powerful nation the 
world has ever known. It has brought 
affluence to three-quarters of the popula- 
tion. It has led to a universal desire for 
college education. It is redistributing 
populatign and wealth within the United 
States as people flock to centers of new 
industries. On the other hand, the suc- 
cess of science has failed to give Amer- 
icans any idea of the limitations of the 
scientific method. It has given them an 
exaggerated view of their powers and 
produced a national trauma when Amer- 
ican complacency allowed the Soviets to 
launch the first artificial satellite. As 
Adlai Stevenson and Senator Fulbright 
have just been pointing out, it has also 
failed to persuade Americans that no 
reasonable method is open to them to 
remove communists from power in Cuba 
and China. 

In Canada, the automobile and tele- 
vision have revealed to French Cana- 
dians that they have allowed science, 
modern education, wealth, and power to 
pass them by. They are reappraising 
their philosophy, revising their educa- 
tional system, and demanding a better 
place for themselves. 
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Canada’s role as a military power has 
been completely altered. The nuclear 
deterrent which science has made possi- 
ble is so much more powerful than other 
weapons that Canada would not have an 
important role in a major war. On the 
other hand, in keeping peace, a new role 
of great value has been created for 
middle powers. They are called upon to 
police troubled areas. Canadian forces 
have been doing this in Sinai, Yemen, 
Lebanon, Kashmir, Laos, the Congo, 
and in Cyprus. Recognizing that deploy- 
ment of these police forces requires quick 
and single command, Canada has just 
embarked on a program to unify all 
three services under the orders of a single 
Chief of Defence Staff. It has been 
announced that it is intended to dress 
the army, navy, and air force in a com- 
mon uniform and to have a single line of 
command and common auxiliary serv- 
ices. This drasticd eparture from tradi- 
tion is due to the effects of science. 
Nuclear war has weakened the power of 
the generals because it requires fewer 
combatants and would be so disastrous 
that civilian authorities in every country 
have acted to curb and alter military 
activities. 


In the United Kingdom the loss of an 
empire, the miseries of the worst winter 
in three-hundred years, and failure to 
enter the Common Market are having 
the same effect on the national psyche as 
would an unfortunate love affair on a 
vigorous woman whose children had 
grown up and left her. Both political 
parties maintain that greater support for 
education and research are the best hope 
for recovery, and a major theme for the 
coming British election is how best to 
implement these improvements. The 
support of science has become a major 
political controversy for the first time. 

The materialist philosophy of the 
Soviet Union and of all communist 
countries gives them faith in science. 
This faith had its reward in Sputnik I, 
but exultation turned to bitterness with 
the realization that planning is fallible, 
that people need incentives. In Russia, 
there is a dawning realization that 
science is good, but incomplete as a guide 
to life, in fact that Marxist-Leninism is 
not a workable philosophy. 
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Transistorized Lock-in Amplifier — Motel JB-5 


The model JB-5 Lock-In Amplifier provides the theo- 
retical optimum technique for measuring extremely 
weak signal intensities in the presence of noise. It iş 
a universal narrow band coherent detection system and 
includes: high Q continuously tunable selective ampli- 


fiers, phase sensitive detector, d.c. amplifier, selective 
d.c. filtering, continuous phase control, signal modulat- 
ing oscillator, meter monitor and recorder drive circuits. 
The system is essentially an extremely narrow band 
detector, the center frequency of which is locked 
to a particular frequency at which the signal informa- 
tion has been made to appear. As a result, complete 
freedom from drift between the detector center fre- 
quency and the characteristic frequency is obtained 
regardless of how narrow the bandwidth is made. 


The low-level signal recovery 
capabilities of PAR Lock-In 
Amplifiers can be significant- 
ly extended with the addition 
of a PAR Model CR-4 Low- 
Noise, High-Gain Pre-Ampli- 
fier. The Model CR-4 is ex- 
ceedingly quiet and features: 


e differential input 


e selectable high (50M) or low (20K) input 
impedance 


e 20 to 80 DB gain 





: # 
Up xtreme w soi te pase ris 


Technical Features: 


Frequency Range: 1.5 CPS to 150 KC continuously 
tunable in five ranges. 


Time Constants: 0, 0.001, 0.01, 0.1, 1, 3, 10 seconds, 
and EXT. Single and double section RC filtering. 


Gain: (rms AC in to push-pull DC out) — Greater 
than 9,000. 


Outputs: (a) +5 volts DC maximum, balanced to 
ground into high impedance load. (b) +1 ma or +% 
ma switch selectable into pen recorder of less than 
2K internal resistance. 

Frequency Selective Amplifiers: Selectivity character- 
istic of tuned amplifiers in signal and reference channels 
is that of parallel resonant circuit with a Q of approxi- 
mately 25 (NOT TWIN-T TYPE). 

Operating Modes: External, Selective External or In- 
ternal Reference. Lock-in accepts sinusoidal or non- 
sinusoidal reference signal or provides sinusoidal 5V 
p to p reference from internal oscillator. 

Price: $1,350.00 

Also Available: Model JB-4 with identical specifica- 
tions except frequency range limited from 15 CPS to 
15 KC; price $990.00. 


e selectable bandpass 1 CPS to 300 KC 

e long life Hg or rechargeable NiCd battery pack 
e completely transistorized 

e rugged printed circuit construction 

e 642” wide, 5” high, 834” deep 

e easily panel mounted 

e price without batteries: $575.00 


e also available: several optional features such 
as impedance matching input transformer and 
fast recovery Model CR-4A with selectable 
bandpass from 10 CPS to 300 KC 


Write for bulletins 111 & 117 to: 
PRINCETON APPLIED RESEARCH CORP. 
Dept. C, Box 565, Princeton, New Jersey 
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The developing countries also have 
faith in science. They are handicapped 
by vast populations, hunger, poverty, 
illiteracy, and undeveloped resources. 
They see that, to achieve the wealth and 
power of richer countries, they must 
somehow educate their people and apply 
scientific procedures to the development 
of their lands. 

To ourselves, and even to an indus- 
trialized communist country like Russia, 
the question of what is a workable and 
correct philosophy is a matter of great 
importance; but, to a people on the edge 
of death by starvation or malnutrition, 
the choice between different philosophies 
seems secondary. I think that this can 
explain the puzzling ambivalence of so 
many poor and neutralist countries. 
Hungry and illiterate people are more 
interested in food and education than 
they are in democracy. 


The Virtues of Science 


Three attributes of science which any- 
one will admit are advantages are that 
its conclusions are based on experiment 
and thus reduce argument, that its re- 
sults are cumulative and ever-increasing, 
and that any reasonably intelligent and 
interested person can contribute to its 
progress. Many great contributions have 
been made by men of quite ordinary 
capacity, so that science is a democratic 
pursuit. Scientists are humble when 
compared with the leaders in other skills. 
Indeed, it is held against them that they 
are dull. Who would compare a chemist 
with a general, a physicist with a high 
priest, or a botanist with a prima donna? 

One can go farther and suggest that, 
just as each of the three cultures sup- 
ported a population a hundred-fold 
greater than the previous one in vastly 
greater wealth, so also this change in 
culture with its increase in prosperity 
has altered the forms of government. 
There are forms of government appro- 
priate to each culture. 

The primitive savages were truly 
egalitarian, for none of them had any- 
thing. The undeveloped countries and 
ancient civilizations were a little better 
off. There was enough for a few to be 
wealthy, but most were slaves. Only in 
the developed countries is there wealth 
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enough for everyone to be well-to-do, for 
everyone to be equal. I believe that it is 
a fallacy to suppose that poor countries 
can be democracies. Democracy is made 
possible by wealth. It is not true that 
wealth is a consequence of democracy 
and it is wishful thinking to suppose that 
democracy can flourish in a state of 
poverty. 


Problems of Science 


Most of the problems of science are 
really problems of dealing with scien- 
tists. Be it said to their credit that they 
are a hard-working, docile, and reason- 
ably intelligent segment of the popula- 
tion, but this is offset by their naiveté 
and lack of interest in political matters 
and their aloof attitude to other people 
and to the problems of society. 

Since scientists are ordinary people, 
who differ only in having been subjected 
to special training, one cannot say that 
they have any qualities absolutely dif- 
ferent from other people, but some 
tendencies can be noticed. 

Scientists flock like starlings. Nothing 
is more attractive to scientists than 
other scientists. They know that new 
ideas grow fastest in places where ideas 
are exchanged and challenged. They do 
not like to go to regions where they are 
needed because of a dearth of science. 
They prefer to congregate in the great 
intellectual centers. 

Scientists enjoy an absorbed interest 
in their work, which they regard as a 
fascinating puzzle. Achievement is usu- 
ally less exciting to them than the quest 
itself. They do not work at science with 
any humanitarian objectives. They are 
not concerned with consequences. They 
are only fascinated to learn how nature 
operates and pleased to pit their wits in 
the contest to learn this. 

Science is expensive. The cost of 
educating and equipping scientists is 
great. Governments tend to expect that 
grateful scientists should therefore labor 
to achieve practical and rewarding re- 
sults, but this is not the aim of most 
scientists. The less practical their work 
the better they tend to like it. 

They are less influenced by dogma 
than are other humans. They shun poli- 
tics with its artificial and unending 


personal bickering. A recent survey 
showed that not a single scientist sat in 
any major legislative body in Canada 
and I think this is typical of other 
countries. They are not good mixers or 
strong patriots. They are iconoclasts. 

They are trained to test things and to 
be guided by experimental results rather 
than popular jingo. As a result, they are 
less ardent patriots and more inter- 
nationally minded than are others. 

Science thus poses a fine problem for 
governments, which are made up of non- 
scientists. Science asks support from 
national governments, while at the same 
time its total effect is to question and 
weaken the authority of governments. 
Science being based on experimental re- 
sults raises questions about the validity 
of local prejudices. 

For similar reasons, scientists while 
they may be interested in logic and 
enjoy good literature have not much use 
for metaphysics or for scholarly criticism 
since these are based upon unprovable 
premises, 

Scientists form a very exclusive elite, 
who look down on all attempts by non- 
scientists to interfere with or control 
scientific matters, a rather ridiculous 
attitude since most scientists know little 
of any branch of science other than 
their own. What is more, any intelligent 
person is able to master a broad view of 
what science is about, but their views 
are not accepted as valid by scientists 
and thus amateur enthusiasm withers in 
the cold indifferences of the professional. 

Scientists have a clearly conceived 
pecking order, with the most practical 
scientists at the bottom, and they usu- 
ally have a poor opinion of research as 
practiced in other subjects. 

These characteristics pose problems 
even for scientists themselves. When 
they were few and their demands small, 
their anti-social ways were overlooked. 
Now, in these days of big science, they 
are being examined critically. 

In the early days of science, acad- 
emies were founded in each country to 
support the experimental method and to 
provide forums for discussion of results. 
Government support has now far out- 
stripped the help possible from acad- 
emies and science has become so complex 


that many specialized associations are 
needed for separate discussions. The 
academies feel left behind and in some 
countries they are now holding discus- 
sions about what their future role should 
be. 


The Future of Science ° 


I have tried to point out the present 
importance of science, hew it was 
achieved and some of the problems the 
future poses. Science is clearly indis- 
pensable to society, but it is not socially 
inclined. 

Jacques Barzun has recently turned 
his critical attention upon science, which 
he has labeled ‘“The glorious entertain- 
ment.” Many of his criticisms are just, 
but I think one could as justly call any 
intellectual pursuits “entertainment.” I 
am not clear why that description might 
not equally be applied to the study of 
philosophy, history, or literary criticism. 
Barzun summarizes his conclusions thus: 


It is not my aim, even if it were 
within my capacity, to furnish a 
philosophy. My purpose remains to 
turn over the pieces of our scientific 
culture and point out their workings, 
which by common report are bedevil- 
ing the world. Accordingly, I reach 
the end of my description with the 
conviction I announced at the be- 
ginning, that until western man re- 
asserts his right to be, as far as he can, 
a natural and moral philosopher, he 
will feel like an exile in his own place.” 


The notion that science is bedeviling 
the world seems to me to reflect a medi- 
eval attitude. Even if it is correct, we 
cannot go back. Without modern tech- 
nology, present populations could not be 
supported. Most people would die. It is 
as simple as that and I feel that it would 
be as valid therefore to ask all philos- 
ophers to become scientists as is 
Barzun’s demand that all scientists 
become philosophers. 

There is confusion here I think, and it 
lies in Barzun’s transposing the needs 
of a society to each individual. I grant 
that our society needs a philosophy and 
perhaps that is all he means, but I think 
it unreasonable to demand that everyone 
in it be a philosopher. 


273A 


Our society depends upon much more 
than any individual can encompass. It 
depends on all the arts, humanities, and 
sciences, but no one person can be artist, 
humanist, and scientist all in one. Whose 
role is it then to decide upon our national 
policies?, 

I don’t think that it is a role for scien- 
tists. They do not want to do it and I 
have indicaéed why I think they would 
do it badly. After all, physics is the study 
of mass and energy. The results of these 
studies have affected human affairs, but 
only indirectly. Before a physicist can 
interest himself in human affairs he must 
stop being a physicist for the duration of 
that concern. 

The same would be true for an artist. 
The only proper person to concern him- 
self with the problems of society is the 
humanist, but he must learn to concern 
himself with society in a scientific age 
and not with society in an age that is 
past. I suggest it is for philosophers to 
study the effects of science not for 
physicists to seek a philosophy. 

The introduction of agriculture and 
community life altered the role of the 
artist. In primitive societies artists were 
free. They expressed their feelings in 
wild and imaginative ways, which is the 
appeal of Eskimo art. In civilized socie- 
ties, the artist was tamed and harnessed 
to the needs of society. The old masters 
were not free to follow their imagina- 
tion in painting. Instead they followed 
the wishes of the rulers of church and 
state. They have only been freed of re- 
straints by the invention of photog- 
raphy. 


Today it is the humanist’s turn to be 
harnessed to a more complex society. 
The demands placed upon humanists 
have been altered by the advent of 
science. Have they responded? 


Snow maintains that scientists and 
humanists don’t speak to one another, 
but the reasons are different. Most 
scientists, as private individuals, know 
something of the humanities; the prob- 
lem is that they don’t care about the 
problems of society. Most humanists on 
the other hand care very much and, like 
Barzun, worry about these problems. 
Their difficulty is that most of them 
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have not yet caught up with the twen- 
tieth century and do not know enough 
about science to take its impact into 
proper account, 

Some economists in particular will 
deny this, and I admit that there are 
distinguished exceptions; but I think the 
fact that we are governed and that we 
derive most of our social and business 
guidance from illiterates in science is a 
sufficiently serious problem to demand 
attention from universities. 

I certainly don’t recommend stopping 
the study of any branch of learning, nor 
do I think that old departments can 
easily be deflected into new directions. 
I don’t think it is any more likely that old 
philosophers will learn new science than 
that scientists will willingly study philos- 
ophy. 

To meet a new requirement, I suggest 
that universities form new Departments 
of Scientific Studies directed to the 
training of scientifically literate human- 
ists. 

How is this to be done? There is a 
danger that people who are taught a 
potpourri of science, of history, of eco- 
nomics, of philosophy, and so forth, 
would be poorly trained in all. I believe 
that the solution is to base such studies 
on a thorough reading of the history of 
science starting from the earliest times. 

The lectures should be accompanied 
and illustrated throughout the course by 
laboratory experiments repeating some 
of the great scientific discoveries in their 
historic order. These should be executed 
with the same rigor as is required in the 
various science departments, but they 
should be less numerous, so that the 
student would have time for reading and 
essay writing. There should be no at- 
tempt to complete the scientific training 
of these students. In the senior years, 
they should direct their laboratory work 
to computing and data processing—tech- 
niques now recognized to be as useful in 
the social as in the pure sciences. It 
should be clearly kept in mind that they 
are humanists, but humanists with an 
experience of experimental work, able to 
read about and comprehend the effects 
of science. 


There is an additional reason for 
making this effort to produce a man with 
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broad knowledge of the humanities and 
sciences. 


There has been a recent change in the 
main direction of sciences. Hotly as 
many scientists will deny it, science is as 
much subject to fashion as other human 
activities. In the last century, geology 
and evolution, chemistry and engineer- 
ing held the center of the stage. For a 
period early in this one, nuclear physics 
was paramount. Today, studies of plan- 
ets and of space are important, but even 
more so are the group of researches 
directed to understanding the brain, 
including information and computer 


theory, genetics and the DNA code and 
biological brain research. 

This is a drastic change in the direc- 
tion of science. Studies of engineering, 
chemistry, and physics all concerned the 
study of matter and energy which are 
extensions of man’s muscles. Brain re- 
search and the like are directed to ex- 
tensions of man’s mind. But surely, 
man’s mind is a proper study for human- 
ists. Thus, the forefront of scientific re- 
search has now entered upon one of the 
chosen fields of the humanities. I feel it 
is appropriate to start departments 
directed to study of the humanities in 
the light of modern science. 


THE EXECUTIVE SECRETARY’S PAGE 


The Sixty-fourth Annual Convention 
of The Society of the Sigma Xi on 
December 30, 1963, amended the 
National Constitution and Bylaws to 
give to the Membership-at-Large chap- 
ter status with the designation Chapter- 
at-Large. These actions also empowered 
this group to elect new Members in ac- 
cordance with the provision of Article 
VII, Section 2(c) of the National Con- 
stitution, and to promote from associate 
membership in accordance with Article 


VIII, Section 2 of the National Con- 
stitution. 

By Article VIII, Section 1(e), the 
Committee on Membership-at-Large is 
charged with the additional responsi- 
bility of serving as the Committee on 
Admissions for the Chapter-at-Large. 

Procedures for initiating and continu- 
ing the fulfilling of these obligations 
have been formulated by the Committee 
on Membership-at-Large and approved 
by the National Executive Committee. 


ELECTION AND PROMOTION OF INDIVIDUALS TO FULL 
MEMBERSHIP IN THE SOCIETY OF THE SIGMA XI BY THE 
` CHAPTER-AT-LARGE 


A. Election: 


I. Basis: The policy of the So- 
ciety for such action by the 
Chapter-at-Large is based on 
the knowledge that there are 
some persons who have at- 
tained recognition of their ac- 
complishment in scientific re- 
search but who have been 
missed in the established pro- 
cedures of the Society, for 
example: 

1. Academic work was done 
at an institition where 
there was no chapter. 

2. Scientific research ac- 
complishments occurred 
after completion of aca- 
demic program. 

3. In exceptional cases, sig- 
nificant research accom- 
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plishments may have 
been achieved without 
the benefit of a formal 
advanced scientific edu- 
cation. 

4. Eligibility overlooked by 
the appropriate institu- 
tional chapter Committee 
on Admissions. 

II. Criteria: 

1. A person who is a member 
of the staff or a student of 
an institution having a 
chapter is not eligible for 
election by this proce- 
dure. 

2. The basic criteria for elec- 
tion will be such accom- 
plishments as would jus- 
tify election by an institu- 
tional chapter. 


Solution by simulation 


HOW TO SIMULATE A “WAY-OUT” PROBLEN 
ON A DESIGNER’S DESK 





A simplified method of studying 
models of airborne systems (whether 
STOL, SST or anything between) is 
being used successfully by aerospace 
engineering groups. Small scale ana- 
log computers, compact enough to fit 
On a desk top, have simulated the var- 
ious control and propulsion elements 
of a growing list of complex airborne 
devices. They have also provided an- 
swers to problems in stress and vibra- 
tion analysis and heat-transfer studies. 

Having “built a computer model of 
the system under test, the designer 
can make it react in a manner similar 
to the dynamic behavior of the real 
system in flight. Analog simulation per- 
mits dynamic analysis under varying 
operating conditions—applied simply 
by changing coefficient potentiome- 
ter settings. 


Balloons in Aerospace 


Even balloon-borne telescopes en- 
ter the aerospace realm, as in the de- 
sign study made at Perkin-Elmer Cor- 
poration for Stratoscope II. The sys- 
tem is lifted by balloon to 80,000 feet, 
a level free of atmospheric turbulence. 
Stratoscope || provides photographic 
and spectrometric coverage of planets 
and galaxies. The star-tracking guid- 
ance system is designed to yield 0.02 
arc—second tracking accuracy. 

The pointing servos, simulated on 
EAI desktop analog computers, are 
highly non-linear, having a sensor 
with a linear zone equal to 1/600 of 
its operative range and a total d-c 
loop gain of over 3,000,000. Accord- 
ing to Perkin-Elmer engineers the com- 
puters were extremely reliable and 
"their predicted servo response cor- 
related very closely with measured 
performance in the actual system." 

Perkin-Elmer designers also simu- 
lated the astronomer’s manual radio- 
control, coarse pointing system for the 
telescope and the optical sensors of 
the guidance system. By using simula- 
tion, the engineers obtained consid- 
erable data which confirmed the de- 


sign concept. 





Tools for Model Building 


EAI has two fully transistorized 
desk-top computers which offer simple 
operation afd programming. They re- 
quire no special power or environ- 
ment. The TR-48, a 48-amplifier com- 
puter, is capable of solving complex 
problems involving high-speed repeti- 
tive operation and iterative tech- 
niques. It is a sophisticated unit oper- 
able by a researcher or systems en- 
gineer with a minimum of training. The 
smaller and highly portable TR-20, the 
ideal starting computer, is also a suc- 
cessful research tool, capable of solv- 
ing many problems formerly associ- 
ated with large-scale computers. 





A free computer operations course 
is provided with every TR-20 and 
TR-48 purchase at one of the com- 
pany's computation centers. In addi- 
tion, EAI offers tuition courses in areas 
throughout the country (send for de- 
tails and date of next course). 

Every new owner of an EAI com- 
puter automatically becomes a partici- 
pant in the growing EAI Applications 
Library, and is eligible to receive simu- 
lation studies pertaining to all catego- 
ries of research and design. 

Send for detailed literature on 
EAI TR-20 and TR-48 analog com- 
puters, or arrange for a problem- 
solving demonstration in your plant 
or office—at no charge. 


*Expandable to 58 amplifiers. 
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ITI. Procedure: 
1. As the Society’s proce- 
dures do not permit appli- 


the promotion of Associate 
Members to (Full) member- 
ship in the Society will be: 

1. The research work of a 


cation for membership, a 
person before election 
must be proposed (nomi- 
nated) by two active 
Members of the Society. 
a. Nomination is to be 
made upon standard 
Nomination for 
Membership form ob- 
tainable from Execu- 
tive Secretary. 
b. Information called 
for should be com- 


nominee done after his 
election to associate 
membership is of such a 
quality and amount that 
he is considered eligible 
for election to (Full) 
membership, even if the 
nominee is not now ac- 
tively pursuing independ- 
ent research work. 


. The nominee has been 


and now is engaged in re- 


plete. search work of a quality 
2. Executive Secretary will and extent that is con- 
prepare and send copies sidered by the Committee 
of nominations properly to justify his election to 
completed to all members (Full) membership. 
of the Committee on II. Criteria: 
Membership-at-Large. 1. Associate Members who 
3. Members of Committee are either staff members 
on Membership-at-Large or students at institutions 
will indicate their ap- having chapters, and As- 
proval or raise questions sociate Members actually 
by mail ballot. affiliated with institu- 
4. If approval is unanimous tional chapters, will not 
the nomination will go be- be processed for promo- 
fore next meeting of the tion by the Committee on 
Executive Committee in Admissions for the Chap- 
accordance with Article ter-at-Large. 
$ VII, Section 2(c) of the . The basic criteria for pro- 
Constitution. motion will be such ac- 
5. If not unanimous the complishment as would 
nomination will be dis- justify promotion by an 
cussed at next meeting of institutional chapter. 
the Committee on Admis- III. Procedure: 
sions for the Chapter-at- 1. An Associate Member 
Large. before promotion must be 
6. The Executive Secretary proposed (nominated) for 


will notify the nominee 
and nominators of the ac- 
tion of the Executive 
Committee. (In the case 
of referral to the chap- 
ter its usual procedure 
will be followed.) In case 
the nomination is not 
considered favorably, the 
nominators only will be 
notified. 


B. Promotion : 


I. Basis: The general basis for 
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this advancement by two 
active Members of the 
Society. 

a. Nomination is to be 
made upon standard 
Nomination for 
Membership form ob- 
tainable from Execu- 
tive Secretary. 

b. Information called 
for should be com- 
plete and nominators 
should indicate on 
form basis upon 


This Polaroid Land Camera 
acts as if it were designed: 
Specifically for the laboratory 


Industrial photographers think this camera 
was designed for them. But we made it so 
versatile it can make just about every kind 
of picture used in a laboratory...and make 
it in 90 seconds or less. Shots of experi- 
mental prototypes, photomicrography, mac- 
rophotography and slide making are just a 
few of its uses. 

Black and white prints (314x414 and 
4x5) are finished in 10 seconds. 

Color prints in both sizes: 60 seconds. 

Lantern slides, both line and continuous 
tone: ready to project in minutes. 

All told, there are 11 Polaroid Land film 
types you can use if you’re in a hurry. And 





if you're not, you can use any conventional 
4x5 or roll film. 

Most subjects will go right on the lighted 
baseboard. Just focus with the eye-level re- 
flex viewer and shoot. For photomicrogra- 
phy, you can put a microscope under the 
special lensless shutter. Focus the same 
way. And for really big items like wall charts, 
you can swing the camera head 90°. The 
camera does the rest. 

We'll be happy to send you a free six-page 
brochure on this Polaroid MP-3 View Cam- 
era by return mail. Write Polaroid Corpora- 
tion, Technical Sales Department, Cam- 
bridge 39, Mass. 


POLAROID 


which nominee was 
originally elected to 
associate member- 
ship as well as subse- 
quent datain support 
of promotion. 


2. Executive Secretary will 


prepare and send copies 
of nominations properly 
completed to all members 


eof the Committee on 


Membership-at-Large. 


. Members of Committee 


on Membership-at-Large 
will indicate their ap- 
proval or raise questions 
by mail ballot. 


. Nominations receiving 


notes of disapproval will 
be reviewed in meetings of 
the Committee. 


. If a nomination is not 


considered favorably, the 
Executive Secretary will 
notify the nominators, 


when this can appropri- 
ately be done, of the rea- 
sons why the nomination 
was not considered favor- 
ably. 

6. In the case of a promotion 
approved by the Com- 
mittee, the Executive 
Secretary will notify the 
nominee, with copies to 
the nominators. 


C. Initiation: 
Initiation shall be in accordance 
with Article IX, Section 2(b) of 
the Constitution. 


D. Public Announcement: 

1. The American Scientist will 
be requested to report the 
election and promotion of 
Members by this procedure. 

2. A press release will be made to 
proper media in each case of 
election and promotion by 
these procedures. 





REQUEST FOR BACK ISSUES 


National Headquarters would like to obtain copies of the following past 
issues of the AMERICAN SCIENTIST: 


July 1950 Volume 38 No. 3 
April 1952 Volume 40 No. 2 
Oct. 1954 Volume 42 No. 4. 


If you have one of these issues which you would be willing to sell, would you 
please notify National Headquarters, 51 Prospect St., New Haven, Con- 
necticut 06511. 
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CHANGE OF ADDRESS 


If your name or address has changed from that on file at heddquar- 
ters at Sigma Xi or RESA, please return the form below to: 


The Society of the Sigma XI 
Office of the Executive Secretary 
51 Prospect Street 
New Haven, Connecticut 06511 


This is to notify you of the following change of address or name. 
(Please print or typewrite.) 


Peete NOMD: & a:ah.t sroad oo 0 6 e0sens ode casein site 
Street 


Present: 


Affiliation: (Please give name of Chapter, Club or Branch) 
Oo Chapter-at-Large 


O Subscriber 


Last Issue Received: 
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BOOKS RECEIVED FOR REVIEW 


TO THE MEMBERSHIP: Our readers are reminded that this section of their journal is intended 
to be an information service listing first editions of the most important new scientific 
hardbound and paperbound books received for review in our Princeton Editorial Offices. 

Titles are for late 1963 and early 1964 publications unless otherwise noted. 


From Acadefnic Press: 


Three 1963 volumes from Italian Physi- 
cal Society, Proceedings of the Inter- 
national School of Physics, ‘‘Enrico 
Fermi’: 

Course 19, Cosmic Rays, Solar Particles, 
& Space Research, edited by B. 
PETERS; 418 pages; $16. 

Course 21, Liquid Helium, edited by 
G. CaRERI; 442 pages; $16. 

Course 22, Semi-Conductors, edited by 
R. A. SMITH; 540 pages; $22. 

Mineral Metabolism, An Advanced Trea- 
tise, Vol. 2, Part A: The Elements, 
edited by C. L. Comar & F. Bron- 
NER; 649 pages; $22. 

Primitive Motile Systems in Cell Biology, 
edited by R. D. ALLEN & N. Ka- 
MIYA; 642 pages; $22. 

Physiological Mammalogy, Vol. 1: Mam- 
malian Populations, edited by W. 
Mayer & R. VAN GELDER; 381 pages; 
$12. 

Radiation, Isotopes, & Bone by F. C. 
McLean & A. M. Bupy; 216 pages; 
$5.95 cloth; $3.45 paper. 

The Cell: Biochemistry, Physiology, 
Morphology, Vol. VI, edited by J. 
BracHet & A. Mirsky; 564 pages; 
$18-to nonsubscribers. 

International Review of Cytology, Vol. 
16, edited by G. H. Bourne & J. F. 
DANIELLI; 345 pages; $14. 

Mammalian Protein M etabolism, Vol. J, 
edited by H. N. Munro & J. B. 
ALLISON; 566 pages; $18.50. 

Physiology of M ollusca, Vol. I, edited by 
K. M. Wizpur & M. YONGE; 473 

ages; $16. 

Cell Differentiation, edited by G. E. 
Foca; 404 pages; $14. Vol. 17 of 
Symposia of the Society for Experi- 
mental Biology. 

Residue Reviews, Vol. V: Instrumentation 
for the Detection & Determination of 
Pesticides & Other Residues in Foods 
(Symposium of Los Angeles Meetings, 
American Chemical Society, April 
1963), edited by F. A. GUNTHER; 176 
pages; $6.50. 

Methods of Experimental Physics, Vol. 
II: Electronic Methods, edited by E. 
BLEULER & R. O. Haxsy: 839 pages; 
$24. 

Elastic Liquids (An Introductory Vector 
Treatment of Finite-strain Polymer 
Rheology) by A. S. Lona; 389 pages; 
$12, London. 


282A 


Chelating Agents & Metal Chelates, 
edited by F. P. Dwyrr & D. P. 
MELLOR; 530 pages; $17. 

The Physiological Clock, Endogenous 
Diurnal Rhythms & Biological Chro- 
nometry by E. BuNNING; 145 pages; 
$6.50. 

Physical Acoustics, Principles & Meth- 
ods, Vol. I, Part A: Methods & De- 
vices, edited by W. P. Mason; 515 
pages; $17. 

Fundamentals of Heat Transfer by 8. S. 
KUTATELADZE; 485 pages; $14.50. 

Infrared Absorption Spectra, Index for 
1958-1962 by H. M. HERSHENSON; 
153 pages; $12. 

Comparative Nutrition of Man & Do- 
mestic Animals, Vol. 2, by H. H. 
MITCHELL; 840 pages; no price given. 

Synchytrium by J. S. KARLING; 470 
pages; $17.50. 

Molecular Pharmacology, The Mode of 
Action of Biologically Active Com- 
pounds, Vol. I, edited by E. J. 
ARIENS; 503 pages; $17. 

Theory of Excitons by R. 8. KNox; 207 
pages; $8.50. 

Categories of Human Learning, edited by 
A. W. MELTON; 356 pages; $8.50. 

Modern Developments in Electron Mi- 
croscopy, edited by B. M. SIEGEL; 432 
pages; $13.50. 

Infrared Spectroscopy of High Polymers 
by R. ZBINDEN; 264 pages; $9.50. 

Advances in Organometallic Chemistry, 
Vol. I, edited by F. G. A. STONE & 
R. West; 334 pages; $11. 

Tensors in Mechanics & Elasticity, Vol. 
2 of Engineering Physics by L. 
BrRILLOUIN; 478 pages; $12.50. 

Electron Paramagnetic Resonance by 
S. A. AL’rsHuLER & B. M. Kozyrev; 
374 pages; $13.50. 

Biochemical Disorders in Human Dis- 
eases by R. H. S. THompson & E. J. 
Kine; 1066 pages; $22. 

Stability & Control of Airplanes & 
Helicopters by E. SEcCKEL; 506 pages; 
$15. 

The Physiology of Synapses by J. C. 
EccLEs; 316 pages; $9 

An Introduction to Electron Spin Reso- 
nance by T. L. SQUIRES; 140 pages; 
$5.50. 

Paper Chromatography, A Comprehen- 
sive Treatise, Vol. I; 955 pages; $26; 
Bibliography of Paper Chromatog- 
raphy, 1944-1956, Vo 1 IT; 766 pages; 





We're also looking for a scientist 
who isn’t looking for us 


You don’t clip the Employment ads. 
You’re not looking for a job. In fact, jobs 
are probably looking for you. 

So why even consider moving to Xerox? 


1. Challenge. At Xerox, the areas of ex- 
ploration are broad. Indeed, vast. What 
are your interests? Solid State Physics? 
Device Physics? Physics of Organic Sys- 
tems and Organic Conductors? Photocon- 
ductivity? Electroluminescence? Proper- 
ties of Dielectric Solids and Liquids? 
Electrostatic Phenomena? Gaseous Elec- 
tronics? Gaseous Light Sources? Xerox 
needs gifted people to work in all these 
disciplines. 

2. Freedom. Xerox unleashes creativity. 
At Xerox, you can pursue your own proj- 
ects in your own ways. Success is hon- 
ored, publication encouraged. 


3. Support. Last year, Xerox spent $14,- 
607,478 on research and engineering (or 
over 8% of sales). More important, Xerox 
supports research philosophically . . . be- 
lieving that the advancement of scientific 
learning is every bit as much a corporate 
responsibility as is the making of products. 

If you’re intrigued by the prospect of a 
broader challenge, creative freedom, and 
full corporate support, look into what 
Xerox has to offer. 

Drop us a line about yourself. As any 
good scientist knows, you don’t have to be 
looking for something to find it. 


Write Mr. Donald A. Zrebiec, Xerox 
Corporation, Depart- 
ment AS-9, P. O. Box 
1540, Rochester, New XEROX 
Yor k 14603. an equal opportunity employer 


$24; Bibliography of Paper Chromatog- 
raphy, 1957-1960, Vol. III; 706 
pages; $24; edited by I. M. Hars & 
K. MACEK. 

Italian Physical Society—Proceedings of 
the International School of Physics 
“Enrico Fermi”; Course 26—Elemen- 
tary Particles, edited by G. POLVANI; 
294 pages; $10. 

Elements of Numerical Analysis by J. 
SINGER; 395 pages; $8.75. 

Radiation & Immune Mechanisms by 
W. H. ȚALIAFERRO et al.; 152 pages; 
$5.95 cloth, $3.45 paper. 

Progress in Protozoology, Proceedings of 
the First International Congress on 


Protozoology, Prague, August 1961, 


edited by J. Lupvik et al.; 623 pages; 
$24. 


Differential Equations & Their Appli- 
cations, Proceedings of a Conference 
held in Prague, September 1962, 
edited by I. BaBuSKa; 247 pages; $12. 

From Addison-Wesley Publishing Co. : 

Introduction to the Logical Design of 
Switching Systems by H. C. TORING; 
286 pages; $9.75. 

Elements of the Theory of Gases by S. 
GOLDEN; 154 pages; $5. 

The Feynman Lectures on Physics, Vol. 
IT, edited by R. P. FEYNMAN et al.; 
278 pages; $8.75. 

Modern Mathematical Analysis by M. H. 
PROTTER & C. B. Morrey, Jr.; 790 
pages; $10.75. 

Functions of A Complex Variable & 
Some of Their Applications, Vol. I, by 
B. A. Fucus & B. V. SHABAT; 431 
pages; $10. 

Physical Chemistry by G. W. CASTEL- 
LAN; 717 pages; $12.50. 

Elements of Mathematical Logic by P. S. 
Novikov; 296 pages; $7.95. 

Development—Selected Topics by L. J. 
BARTH; 111 pages; $1.75 paper, $2.95 
cloth. 

Matrix Algebra for Electrical Engineers 
by R. Braag; 162 pages; $4.50. 

Introduction to Programming the IBM 
1620 by C. FRroEsE; 72 pages; $2.50 
paper. 

From American Elsevier Publishing Co. : 

Comprehensive Biochemistry, Vol. 15: 
Group-Transfer Reactions, edited by 
M. Fiorxin & E. H. Srorz; 248 
pages; $12.50. 

Nobel Lectures in Physics, 1942-62, Vol. 
3; 621 pages; $85. set of 3 volumes; 
for Nobel Foundation. 

Protides of the Biological Fluids, edited 
by H. PEETERS; 536 pages; $25. Vol. 
11 of Protein Series, 1963 Colloquium. 

From Basic Books: 

The Reproduction of Life by R. L. 
LEHRMAN; 246 pages; $4.95. 

Light, Our Bridge to the Stars by J. 
RusBLOwsKY; 146 pages; $4.50. 

Life in the Sea by G. JÄGERSTEN; 184 
pages; $10. 
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From W. A. Benjamin, Inc. : 

Introduction to Chemical Thermodyna- 
mics by I. KLorz; 244 pages; $3.95 
paper. 

The Mitochondrion (Molecular Basis of 
Structure & Function) by A. L. 
LEHNINGER; 262 pages; $9. 

Matrix Methods in Optical Instrument 
Design by W. Brouwer; 290 pages; 
$9. cloth; $5.95 paper. 

Nuclei & Radioactivity by G. Cuorrin; 
150 pages; $4.95. 

Stoichiometry & Structure, Part I; 
(Freshman Chemistry Problems with 
Solutions) by M. J. Srenxo; 365 
pages; $2.95 paper. 

Behavior of Electrons in Atoms by R. M. 
HOCHSTRASSER; 162 pages; $1.95 
paper, $3.95 cloth. 

The Complex j-Plane by R. G. Newron; 
235 pages; $9 cloth, $4.95 paper. 

Metal-Ammonia Solutions, Physico- 
chemical Properties; Weyl Colliquim 
at Lille, June 1964, edited by G. 
LepoutrRE & M. J. Srenxo; 315 
pages; $10.50. 

Equilibrium, Freshman Chemistry Prob- 
lems & How to Solve Them by M. J. 
SIENKO; 563 pages, $2.95 paper. 

Thermodynamics of Small Systems, Part 
2, by T. L. HILL; 210 pages; $12.50. 

Phonons & Phonon Interactions, 1963 
Aarhus Summer School Lectures, 
edited by T. A. Bax; 640 pages; $9.50. 

Basic Principles of Organic Chemistry by 
J. D. Roperts & M. C. Caserto; 1315 
pages; $13.50. 

Mathematical Methods of Physics by J. 
MatHews & R. L. WALKER; 475 
pages; $12.50. 

From Ginn & Co. (Blaisdell Publishing 
Co. unless otherwise noted). 

Anaxagoras & The Birth of Physics by 
D. E. GersHenson & D. A. GREEN- 
BERG; 538 pages; $10. 

Discrete Dynamic Programming by ARIS 
RUTHERFORD; 148 pages; $5. 

The Theory of Matrices in Numerical 
Analysis by A. S. HouSEHOL DER; 256 
pages; $8.50. 

Topics in Algebra by I. N. HERSTEIN; 
342 pages; $8.50. 

The Natural Philosopher, Vol. 3, edited 
by D. E. GersHenson & D. A. 
GREENBERG; 111 pages; $1.95 paper. 

Anaxagoras & The Birth of Scientific 
Method by D. E. QERSHENSON & 
D. A. GREENBERG; 63 pages; $1.45 
paper. 

From Gordon & Breach: 

Vols. 5 & 6 in International Science 
Review Series: 

The Development of Weak Interaction 
Theory, edited by P. K. KABIR; 286 
pages; Nuclear Orientation, edited by 
M. E. Rose; 321 pages; $4.95 ea. 

The Mechanics of Turbulence, edited by 
A. Favre; 460 pages; $19.50. Pro- 
ceedings in English of 1961 Marseilles 
Symposium. 










MELPAR’S 


ENGINEERING AND 
RESEARCH DIVISIONS 


have openings in the following fields: à 


V ELECTRONICS W CHEMISTRY W BIOLOGY 
YV TECHNICAL PROGRAMMING 


Requirements include an advanced degree, 
and the desire to work in such areas as: 




















Electronics 


Pattern Recognition, Network Synthesis, Random Noise Theory, 
Speech Synthesis, Data Retrieval, Microwave Systems Receiver 
Design, Logic Design, Circuit Design, Machine Intelligence. 





Chemistry 


Molecular Spectroscopy, Low Temperature Phenomena, Gas- 
Solid Reactions, Gas Phase Kinetics, Gas Chromatography, Mass 
Spectrometry, Electro-Chemistry, Enzymology. 





Biology 


Microbiology, Virology, Immunology, Pharmacology, Biophysics,, 
Tissue Culture. 





Technical Programming 


Symbolic and machine language programming of real-time 
computer controlled man-machine systems for small special 
purpose digital computers. 


For further details, write in strictest confidence to: 
Clarence Endsley, Professional Placement 


MELPAR Y "INC 


A SUBSIDIARY OF WESTINGHOUSE AIR BRAKE COMPANY 
3464 ARLINGTON BOULEVARD 


FALLS CHURCH, VIRGINIA 
(a suburb of Washington, D. C.) 









an equal opportunity employer 
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The Inverse Problem of Scattering Theory 
by Z. S. AGranovicH & V. A. MAR- 
CHENKO, translated from the Russian 
by B. D. SECKLER; 291 pages ; $14.50. 

Relativity, Groups, & Topology, edited by 
C. DeWirr & B. S. DeWirrt; 929 
pages; $19.50 cloth, $9.50 paper (Lec- 
tures Delivered at Les Houches Dur- 
ing the 1963 Session of the Summer 
School of Theoretical Physics, Uni- 
versity of Grenoble). 

From Harper & Row: 

The Frontiers of Management Psychology, 
edited by G. Fisk; 301 pages; $6. 

Interpreting Personality Theories by 
L. J. BıscmoF; 694 pages; $7.95. 

Water Metabolism in Plants by T. T. 
KozLOwSsKI; 297 pages; $3.95 paper. 

Cross-Cultural Understanding: Episte- 
mology in Anthropology, edited by 
H. H. Livinesron; F. S. C. NORTHROP, 
Symposium Chairman; 396 pages; 
$7.50. 

Downstream: A Natural History of the 
River by J. Bardach; 278 pages; $5.95. 

The Scientific Revolution & World Poli- 
tics by C. P. Haskins; 115 pages; 
$3.50. 

A Preface to Psychology by C. FINCHER; 
117 pages; $2.25 paper. 

The Early Growth of Logic in the Child 
by B. INHELDER & J. PAarGET; 302 
pages; $6. 

Abelian Categories, An Introduction to 
the Theory of Functors by P. FREYD; 
164 pages; $7. 

The Dynamics of Research & Develop- 
ment by E. B. ROBERTS; 352 pages; 
$10.95. 

From The Macmillan Co. including Per- 
gamon Press & The Free Press of 
Glencoe. Pergamon Press publica- 
tions unless otherwise noted : 

Matrix Methods of Structural Analysis 
(AGARDograph 72), edited by F. Dr 
VEUBEKE; 343 pages; $15. 

Myths of Madness, New Facts for Old 
Fallacies by D. D. Jackson; 178 
pages; $4.50; Macmillan. 

The Amazing World of Insects, A Photo- 
graphic Introduction by A. T. 
Banpsma & R. T. BRANDT; 46 text 
pages; 133 plates; $9.95; Macmillan. 

Planning for Man & Motor (in French, 
German & English) by P. RITTER; 
384 pages; $15. 

Nuclear Power Systems, An Introductory 
Text by C. D. G. Kine; 480 pages; 
$13. 

Progress in the Science & Technology of 
the Rare Earths, Vol. I, edited by L. 
EyRING; 532 pages; $17.50. 

The Structure of Atoms by V. H. Boots; 
204 pages; $2.95 paper; Macmillan. 
Limits & Continuity by W. K. SMITH; 

136 pages; $3, paper; Macmillan. 

The Study of Abnormal Behavior, Se- 
lected Readings by M. Zax & G. 
STRICKER; 447 pages; $4.95 paper, 
Macmillan. 
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Biostatistics, An Introductory Text by 
A. GOLDSTEIN; 272 pages; $9.50; 
Macmillan. 

Free Radical Reactions in Preparative 
Chemistry by G. Sosnovsky; 438 
pages; $17.; Macmillan. 

Syndromes of Psychosis by M. LORR et 
al.; 286 pages; $10. 

Other Cultures (Aims, Methods & 
Achievements in Social Anthropol- 
ogy) by J. BEATTIE; 283 pages; $5.50; 
The Free Press of Glencoe. 

Recent Advances in Aerosol Research by 
C. N. Davies; 80 pages; $4.50. 

Colored Symmetry by A. V. SHUBNIKOV 
& N. V. BELOV; 263 pages; $9.75. 

The Role of Science in the Development of 
Natural Resources with Particular 
Reference to Pakistan, Iran & Turkey, 
edited by M. L. Smrru; 454 pages; 
$7.50. Symposium of CENTO Scien- 
tific Council, Lahore, January 1962. 

Chemistry & Technology of Explosives, 
air I, by T. URBAŃSKI; 635 pages; 

Solubilities of Inorganic & Organic Com- 
pounds, edited by H. STEPHEN & T. 
STEPHEN; 944 pages; $28.50. 

sar ae Physical Oceanography by 
G. L. Pickarp; 199 pages; $4.50. 

Frequency of Self-Oscillations by J. 
GROSZKOWSKI; 530 pages; $15. 

An Introduction to the Theory of the For- 
mation of Frozen Rocks by I. A. 
Tyutyunov; 94 pages; $7.50. 

Introduction to Field Theory & Disper- 
sion Relations by R. HAGEDORN; 
127 pages; $5. 

Mathematical Games & Pastimes by 
A. P. DomoryaD; 298 pages; $5. Vol. 
10 of Popular Lectures in Mathe- 
matics Series. 

Transient Phenomena in Electrical Power 
Systems by V. A. VENIKOv; 183 pages; 
$10. Vol. 24 of International Series of 
Monographs on Electronics & Instru- 
mentation. 

Noble Gases & Their Compounds by 
G. J. Moopy & J. D. R. THomas; 62 
pages; $2. 

Photochemistry of Proteins & Nucleic 
Acids by A. D. McLaren & D. 
SHUGAR; 449 pages; $15. Vol. 22 of 
International Series of Monographs 
on Pure & Applied Biology/Modern 
Trends in Physiological Sciences. 

A Laboratory Course in General Chemis- 
try by W. M. LATM™MER & R. E. 
PowELL; 136 pages; $2.95 paper, 
Macmillan. 

Progress in the Chemistry of Fats & Other 
Lipids, Vol. VII, Part 2, edited by 
R. T. Horman, 289 pages; $5, paper. 

Elements of Comparative Vertebrate Em- 
bryology by H. W. MANNER; 254 
pages; $5.95, Macmillan. 

The Critical Approach to Science & 
Philosophy, edited by M. BUNGE; 
480 pages; $9.95; Free Press of 
Glencoe. 


Science and IDA 





Washington is the decision-making center of the free 
world. In that center, IDA functions as a scientific 
adviser to the Department of Defense. Our working 
environment is the gray area of those major national 
problems where too little is known and too much is 
at risk to hazard an intuitive decision. IDA provides 
responsible DOD decision-makers with the scientific/ 
technical input required to eliminate or lessen the 
areas of uncertainty. 

Physical scientists . . . along with electronic and 
aeronautical engineers, mathematicians, operations re- 
searchers and representatives of many other disci- 
plines . . . have put their minds to work at IDA. In 
a world in which the complexities and exigencies of 
our nation’s defense and foreign policy continue to 
increase and grow more critical, IDA’s programs must 
also continue to expand. In short, IDA finds itself in 
the position of requiring its own new input . . . from 
the nation’s scientific and engineering communities. 

We seek highly qualified physicists and other sci- 
entists and engineers for both short-term (two to three 
years) and permanent appointments. Valuable at- 
tributes include those intangibles called ‘creativity’ 
and ‘originality’ along with an interest in applied 
problem solving—applied to many of the very crucial 
problems our nation is facing today and in the years 
ahead. A career at IDA can present a challenge of 
satisfying proportions and provide a reward of sub- 
stance. Write us; we may well have mutual interests. 

Institute for Defense Analyses, 1666 Connecticut 
Avenue, N.W., Washington 9, D. C. An equal op- 


portunity employer. 


E 


California Institute 
of Technology 


Case Institute 
of Technology 


University of Chicago 
Columbia University 
University of Illinois 


Massachusetts Institute 
of Technology 


University of Michigan 


Pennsylvania State 
University 


Princeton University 
Stanford University 
Tulane University 
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Sampling Systems Theory & Its Appli- 
cation by Ya. Z. TsypK1n; 724 pages 
in 2 vols.; $30. the pair. 

Selected Works in Organic Chemistry by 
y N. NeEsMEYANOy; 1172 pages; 
$30. 


Quality in Translation, edited by E. 
Cary & R. W. JUMPELT; 544 pages; 
$2850; Proceedings of 1959 Bad 
Godesberg Congress. 

A Course of Mathematics for Engineers & 
Scientists, Vol. 4 by C. PLUMPTON & 
B. H. Currewin; 353 pages; $5. 

Marine Bio-Acoustics, edited by W. N. 
TavouGa; 413 pages; $15. Proceedings 
of Lerner Marine Laboratory Sym- 
posium, The Bahamas, April 1963. 

Fourth International Seaweed Sympo- 
sium, Biarritz 1961, edited by A. D. 
DEvIRVILLE & J. FELDMANN; 467 
pages; $15. 

Analytical Chemistry of Niobium & Tan- 
talum by R. W. MosHIER; 278 pages; 
$12.75. Vol. 16 of International Series 
of Monographs on Analytical Chemis- 
try. 

Perception & the Conditioned Reflex by 
Ye. N. SoKoLov; 309 pages; $12.; 
Macmillan. 

The Theory of Recycle Processes in 
Chemical Engineering by M. F. 
NaGiEv; 278 pages; $15. 

Progress in Solid-State Chemistry, Vol. I, 
edited by H. Retss; 536 pages; $17.50. 

Thirst, edited by M. J. WAYNER; 570 
pages; $20. Ist International Sym- 
posium on Thirst in Regulation of 
Body Water, Florida State Uni- 
versity, May, 1963. 

Solar Energy by H. Rav, translated from 
the German by M. Scuor, edited by 
D. J. Duffin; 171 pages; $6; Mac- 
millan. 

Topics in Higher Analysis by H. K. 
priait & S. W. McCusKey; 545 
pages; $10; Macmillan. 

Review of Gross Anatomy, A Dynamic 
Approach by B. Pansxy & E. L. 
House; 443 pages; $8.95 cloth, $6.95 
paper; Macmillan. 

Fluid Flow, A First Course in Fluid 
Mechanics by R. H. SABERSKY & 
A. J. Acosta; 393 pages; $8.95; Mac- 
millan. 

Advances in Fluorine Research & Dental 
Caries Prevention, Vol. 2; Proceedings 
of the 10th Congress of the European 
Organization for Research on Fluorine 
& Dental Caries Prevention, Geneva, 
July 1963; edited by J. L. Harwickx 
et al.; 218 pages; $17. 

A Laboratory Manual of Mammalian 
Anatomy & Physiology by S. GROLL- 
MAN; 206 pages; $4.50 paper. 

Structural Concrete by J. D. Davims; 163 
pages; $2.95 paper. 

General Science Biology by F. E. CLEGG; 
277 pages; $2.95 paper. 

Environmental Biology, Vol. 1, by R. F. 
Mora@an; 238 pages; $2.95 paper. 
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The Real Voice by R. Harris; 245 pages; 
$4.95; Macmillan. 

Radiation Protection, Report of Com- 
mittee IV (1953-1959) on Protection 
Against Electromagnetic Radiation 
Above 3MeV and Electrons, Neu- 
trons & Protons by the International 
Commission on Radiological Protec- 
tion; 34 pages; $3.25. 

Principles of Dynamics by R. HILL; 191 
pages; $6. 

Progress in Solid-State Chemistry, Vol. 1, 
edited by H. Reiss; 536 pages; $17.50. 

Regular Figures, International Series of 
Monographs on Pure & Applied 
Mathematics, Vol. 48, by L. F. Téru; 
339 pages; $12. 

Automation of Continuous Production 
Processes by V. L. LOSSIYEVSKII & 
L. G. PLISKIN; 118 pages; $6.50. 

From McGraw-Hill Book Co.: 

The Frontal Granular Cortex & Behavior, 
edited by J. M. WARREN et al.; 492 
pages; $17.50. 

Ion Propulsion for Space Flight by E. 
STUHLINGER; 373 pages; $17.50. 

Space Exploration, edited by D. P. 
Lecattey & J. W. McKee; 467 
pages; $17.50. 

Introduction to Plasma Physics by M. A. 
UMAN; 226 pages; $10. 

Creatwe Report Writing by A. B. 
SKLARE; 428 pages; $7.95. 

Fundamentals of Mechanics & Heat by 
H. D. Young; 638 pages; $7.95. 

Marine Geology of the Pacific by H. W. 
MENARD; 271 pages; $12.50. 

Wave & Diffusion Analogies by R. K. 
Moore; 130 pages; $4.95 cloth; $2.95 
paper. 

Discovery, The Autobiography of VILH- 
JALMUR STAFANSSON by V. 
STAFANSSON; 411 pages; $7.50. 

American Gem Trails by R. M. PEARL; 
173 pages; $5.50. 

Process Control by P. Harriorr; 374 
pages; $13.50; McGraw-Hill Series in 

emical Engineering. 

Fused Salts, edited by B. R. SUNDHEIM; 
435 pages; $18.50. 

Nonlinear-Magnetic Control Devices: 
Basic Principles, Characteristics, & 
Applications fy W. A. GEYGER; 406 
pages; $12.50. 

Fundamentals of Microwave Electronics 
by M. CHoporow & C. SUSSKIND; 
297 pages; $12.50. 

From Prentice-Hall : 

Poisonous Plants of the U.S. & Canada 
by J. M. Kinassury; 626 pages; $13. 

The Mechanics of Inheritance by F. W., 
STAHL; 171 pages; $4.95 cloth; also 
paper; lst volume of new series— The 
Foundations of Modern Genetics. 

The Cognitive Processes: Readings, edited 
by R. J. C. HARPER et al.; 717 pages; 
$8.95. 

The Genetics of the Silkworm by Y. 
TazimMa; 253 pages; $9.95 (Logos 
Press). 


The Psychology of Aging by J. E. BIr- 
REN; 303 pages; $6.95. 

Selected Papers on Virology, edited by 
N. Hanon; 363 pages; $10. 

Theory of Partial Coherence by M. J. 
Beran & G. B. PARRENT, JR.; 193 
pages; $12. 

Molecular Biology, Genes & The Chemi- 
cal Control of Living Cells by J. M. 
Barry; 139 pages; $3.35 paper. 

Computers & Their Uses by W. H. 
DESMONDE; 296 pages; $10. 

Agricultural Genetics by J. L. Brew- 
BAKER; 156 pages; $2.95. 

From Reinhold Publishing Corp: 

Fertilizer Nitrogen, Its Chemistry & 
Technology, edited by V. SAuCHELLI; 
aL pages; $17. 50; ACS Monograph 
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General Zoology by C. J. GOODNIGHT 
et al.; 564 pages; $8.95. 

Cryogenics by M. McCuintocx; 270 
pages; $10.75. 

From The Ronald Press Co.: 

The Evolution of Biology by M. J. 
Sirks & C. ZIRKLE; 376 pages; $6. 
ejay Anatomy '& Embryology by 
W. BALLARD; 618 pages; $10. 
Animal ae by F: B. Hurr; 546 


pages; $12 

Boy’ "SB Book of Fishes by E. C. MIGDAL- 
SKI; 172 pages; $5. 

M odern Advances in Science, A Lay- 
man’s Guide by J. STOKLEY; 288 
pages; $5.50. 

From St Martin’s Press: 

Space Physics & Radio Astronomy; edited 
by H. MeEssEL & S. T. BUTLER; 174 
pages; $4.25; The Universe & Its 
Origin; 147 pages; $3.75; An Intro- 
duction to Modern Physics: 273 pages; 


5. 
Groups by G. Pary; 220 pages plus 32 
plates; $8. 


From the University Presses : 
From Alabama University Press: 

A History of the Alabama Academy of 
Science, edited by C. H. CANTRELL et 
al.; 126 pages; $2 paper. 

From The University of Arizona Press: 

Rectified Lunar Atlas, Supplement No. 
2 to the Photographic Lunar Atlas by 
E. A. WHITAKER et al.; 30 plates; $35. 

Communications of the Lunar & Plane- 
tary Laboratory, Vol. 3, No. 40, G. P. 
KuIrrerR, Laboratory Director; 71 
pages; $4.50, paper. 

From The University of California Press: 

Fossil Vertebrates From The Late Cre- 
taceous Lance Formation Eastern Wyo- 
my by R. Estes; 187 pages; $4 
pape 

The Fete Baris Germar in ers 
(Coleoptera, Curculionidae) by E. E 
GILBERT; 143 Fs $ $3.50 paper. 

Lower Tertiary annoplankton From the 
California Coast Ranges, I. Paleocene 
by F. R. SULLIVAN; 227 pages; $2 
paper. 


Proceedings of the 1964 Heat Transfer & 
Fluid Mechanics Institute, edited by 
W. H. Grept & S. Levy; 275 pages; 
$8.75, paper preprints. University of 
California, Berkeley, June 1964. 

A Short History of the Gout by W. S. 
C. CopEMAN; 236 pages; $6. 

Andreas Vesalius of Brussels, 1514- 
1564, by C. D. O'MALLEY; 480 pages; 
$10. 

From The University of Chicago Press: 

Prehistoric Man in the New World, edited 
by J. D. Jennines & E. NORBECK; 
633 pages; $10. A volume in the Rice 
University Semicentennial Series. 

Alienation & Freedom, the Factory 
Worker & His Industry by R. BLAU- 
NER; 222 pages; $7.50. 

A Modern A gebra for Biologists by 
H. M. NAuwIKIAN; 236 pages; $10. 

The Management of Wild Mammals in 
Captivity by L. S. CRANDALL; 761 
pages; $13.50. 

From Columbia University Press: 

The Dispersion of Nuclear Weapons, 
edited by R. N. ROSECRANCE; 343 
pages; $7.50. 

Quantum Electronics, edited by P. 
GRIVET & N. BLOEMBERGEN; 2 vols., 
1923 pages; $35. the pair. ( Proceedings 
of 3rd International Conference, 
Paris 1963.) 

Social Approaches to Mental Patient 
Care by M. ScuwaRrTz & C. G. 
SCHWARTZ; 341 pages; $8.75. 

The Geography of Modern Africa by 
W. A. Hance; 655 pages; $12. 

From Harvard University Press: 

Heat & Life (The Development by the 
Theory of Animal Heat) E. 
MENDELSOHN; 208 pages; 4. A 

Animal Body Fluids & Their Regulation 

“fe . P. M. Lockwoop; 177 pages; 
$2.75. 


The Mechanistic Conception of Life by 
Japues Loeb, edited by D. FLEMING; 
216 pages; $4. 25. 

On the Origin of Species (Facsimile of the 
lst Edition) by CHARLES DARWIN, 
introduction by E. Mayr; 502 pages; 
$5.95. 

Studies in Large Plastic Flow & Fracture 
with Special Emphasis on the oe 
of Hydrostatic ’ Peaks by F. W. 
Bridgman; 362 pages; $9.75. 

From The University of Illinois Press: 

Pride & Power, The Rationale of the 
Space Program by V. VAN DYKE; 
285 pages; $6.50. 

Hydrogeology g“ J. B. LAMARCK, trans- 
lated by A. V. Carozzi; 152 pages; 
$4.75. 

From The University of Kansas Press: 

From Kansas Farm Boy to Scientist; The 
Autobiography of Elmer Verner M cCol- 
lum by E. M. McCoLLu{m; 253 pages; 
$5. 

Treatise on Invertebrate Paleontology; 
Vols. I & II, Part C, Protista 2, Sarco- 
dina, Chiefly ‘‘Thecamoebians’’ & 
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Foramini-ferida by A. R. LOEBLICH, 

JR. & H. Tappan (R. C. Moores, 

Editor); 900 pages; $25 the pair; for 

The Geological Society of America. 
From Louisiana State University : 

Quaternary Geologic History of the Coastal 
Plain of Rio Grande do Sul, Brazil by 
P. J. V. DELANEY; 63 pages; $2.50 
paper. 

Recent Geomorphic History of the Pont- 
chartrain Basin by R. T. Saucier; 
114 pages; $3 paper. 

From The M.I.T. Press: 

God & Golem, Inc. by N. W. WIENER; 
99 pages; $2.95. 

Materials & Fuels for High-Tempera- 
ture Nuclear Energy Applications, 
edited by M. T. Smmnap & L. R. 
ZUMWALT; 413 pages; $12. 

Information Theory by G. RAISBECK; 
105 pages; $4. 

Analysis in Function Space, edited by 
W. T. Martin & I. SEGAL; 218 pages; 


$6. 
From Oxford University Press: 

Leading Issues in Development Eco- 
nomics by G. M. MEIER; 572 pages; 
$7. 

From Princeton University Press: 

Advances in Game Theory, edited by M. 
DRESHER et al.; 679 pages; $8.50 
paper. 

From The Rutgers University Press: 

The Brilliant & Tragic Life of W. M. W. 
Haffkine, Bacteriologist by S. A. 
Waksman; 87 pages; $3.75. 

Bacterial Endotoxins, edited by M. 
Lanpy & W. Brawn; 691 pages; $12 
(Proceedings of a Symposium Held at 
the Institute of Microbiology at 
Rutgers, 1963). 

From Stanford University Press: 

Studies in Mathematical Psychology, 
edited by R. C. ATKINSON; 414 pages; 
$11.50. 

Neural Theory & Modeling, edited by 
R. F. Reiss; 427 pages; $13.50 (Pro- 
ceedings of the 1962 Ojai Sympo- 
sium). 

From Syracuse University Press: 

Fact & Theory in Social Science, edited 
by E. W. Count & G. T. Bow gs; 
253 pages; $5.50. 

From The University of Wisconsin Press : 

Nonlinear Integral Equations, edited by 
P. M. ANSELONE; 378 pages; $6.50. 

Pesticides & the Living Landscape by 
R. L. Rupp; 320 pages; $6.50. 

Recent Advances in Matrix Theory, 
edited by H. SCHNEIDER; 142 pages; 

4 


From Yale University Press : 
Overtures to Biology (The Speculations 
of 18th-Century Naturalists) by 
P. C. RITTERBUSH; 287 pages; $7.50. 
Continuities in Cultural Evolution by M. 
Meap; 471 pages; $8.50. 
From D. Van Nostrand Co.: 
Mineralogy for Amateurs by J. SINKAN- 
KAS; 585 pages; $12.50. 
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Introduction to Atomic & Nuclear Phys- 
ics by H. E. Warte; 560 pages; 
$9.75. 

Concise Inorganic Chemistry by J. D. 
LEE; 248 pages; $8.50. 

Quantum Mechanics by G. L. TRIGG; 
395 pages; $9.25. 

Conversations with Carl Jung by R. I. 
Ivans; 173 pages; $1.75 paper. 

Neutron Irradiation & Activation Analy- 
sis by L). TAYLOR; 185 pages; $8.75. 

From John Wiley & Sons including Inter- 
science unless otherwise noted: 

Progress in Isotope Geology by KALERVO 
RANKAMA; 705 pages; $20. 

The Mechanical Properties of Matter by 
A. H. COTTRELL; 430 pages; $10; 
Wiley. 

Crystalline Olefin Polymers, Vol. 20, 
Part II of High Polymers, edited by 
R. A. V. Rarer & K. W. Doar; 675 
pages; $22.50. 

Organoborn Chemistry, Vol. I: Boron- 
Oxygen & Boron-Sulfur Compounds 
by H. STEINBERG; 950 pages; $33. 

The Elements of Stochastic Processes W ith 
Applications to the Natural Sciences 
by N. T. J. BAILEY; 249 pages; $7.95. 

Motivation: Theory & Research by C. N. 
nee be & M. H. Appiey; 958 pages; 
$12.50. 


Methods of Quantitative Inorganic Analy- 
sis, An Encyclopedia of Gravimetric 
Titrimetric & Colorimetric Methods by 
K. Kopama; 507 pages; $22. 

The Precambrian, Vol. 1 of The Geologic 
Systems, edited by K. RankaMa; 279 
pages; $8.95. 

High Speed Testing, Vol. 4; A. G. H. 
Dietz & F. R. Erca Co-Chairmen; 
306 pages; $12.80 paper; Annual Sym- 
posium, Boston, May 1963. 

Essays 1958-1962 on Atomic Physics & 
Human Knowledge by N. Bour; 
100 pages; $5. 

Pyrazolones, Pyrazolidones & Derivatives 
by R. H. Wiery & P. Witey; 539 
pages; $26. 

Signal Detection & Recognition by Hu- 
man Observers by J. A. Swets; 
702 pages; $17.50. 

The Structure of Atmospheric Turbulence 
by J. L. Lumuny & H. A. PANOFSKY; 
239 pages; $9.50. Vol. 12 of Mono- 
graphs & Texts in Physics & As- 
tronomy. 


The Elements of Compressible Flow by 
F. CHEERs; 166 pages; $6. 

Bpeti Values of Discrete Random 

ariables & Elementary Statistics by 
A. L. Epwarps; 146 pages; $5.95 
cloth; $3.95 paper. 

Quantum Aspects of Peneptide & 
Polynucleotides, edited by M. Wetss- 
BLUTH; 565 pages; $22.50 paper; 
Stanford University Symposium, 
March 1963. 

Nuclear Interactions by S. DEBENE- 
DETTI; 636 pages; $16.; Wiley. 


JOIN THE 
MANAGEMENT 
SYSTEMS LEADERS 
OF ORI 


The Management Systems Program of Op- 
erations Research Incorporated is continu- 
ing its rapid expansion to meet new chal- 
lenges and responsibilities in: 


* Design / development / implementation of 
advanced management systems providing 
control over time, costs, reliability, and lo- 
gistics 

* Data processing 

¢ Information retrieval 

* Economic analysis 

¢ Human factors planning and analysis 

Senior-level positions with exceptional poten- 

tial in these and related areas are now of- 


SENIOR-LEVEL OPPORTUNITIES 


Ka 
pas 





fered to management systems design engi- 
neers, statistical and mathematical economists, 
EDP specialists, applied mathematicians, in- 
dustrial engineers and psychologists. These 
career openings require B.S. degrees (M.S. 
or Ph.D. preferred) with minimum of 3-5 
years’ experience, and demonstrated techni- 
cal achievement. They involve assignments 
on nationally significant projects for indus- 
try, government, and the armed forces. Posi- 
tions are at ORI’s new headquarters building 
in a residential suburb of Washington, D.C. 
For further information, please send a brief 
resume to Dr. Donald Orkand, Assoc. Di- 
rector for Management Systems. 


OPERATIONS RESEARCH 
INCORPORATED 


1400 Spring Street, Silver Spring, Maryland « Suburb of Washington, D.C. 
An equal opportunity employer 
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Concepts of Real Analysis by C. A. 
Hayes, Jr.; 190 pages; $6.50; Wiley. 

Statistical Mechanics of Charged Par- 
ticles by R. BatEescu; 477 pages; $15. 

Modern Inorganic Pharmaceutical Chem- 
istry by C. A. DiscHEerR; 636 pages; 
$12.; Wiley. 

Organic Functional Group Analysis by 
Micro*& Semimicro Methods by N. D. 
en & T. 5. Ma; 696 pages; 
$25. 

Theory & Application of the Transform 
Method by E. I. Jury; 33 pages; 
$11.50; Wiley. 

Statistical Mechanics & Dynamics by H. 
Eyrina et al; 508 pages; $14.95; 
Wiley. 

Advances in Enzymology, Vol. 26, edited 
by F. F. Norn; 453 pages; $12.50. 

Advances in Petroleum Chemistry & Re- 
fining, Vol. 8, edited by J. J. Mc- 
Kerra, Jr. & K. K. Kose; 526 
pages; $22.50. 

Synchrony in Cell Division & Growth, 
edited by E. ZeuTHEen; 630 pages; 
$17.50. 

Macroeconomics, Fiscal Policy, & Eco- 
nomic Growth by N. F. Ketspr; 525 
pages; $9.75; Wiley. 

Copolymerization, Vol. 18 of High Poly- 
mers, edited by G. E. Ham; 939 pages; 
$27.50. 

Advances in Chemical Physics, Vol. 6, 
edited by I. Pricocine; 506 pages; 
$17.50. 

Collision Phenomena in Ionized Gases by 
E. W. McDANIEL; 775 pages; $17.50; 
Wiley. 

The Cyanine Dyes & Related Compounds 
by F. M. Hamer; 790 pages; $45.; 
Vol. 18 of the Chemistry of Hetero- 
cyclic? Compounds, edited by A. 
WEISSBERGER. 

Titrimetric Organic Analysis, Part I: Di- 
rect Methods by M. R. F. ASHWORTH; 
Vol. 15 of Chemical Analysis; 501 
pages; $17.50. 

Delinquency & Drift by D. Marza; 199 
pages; $4.50; Wiley. 

Analysis & Characterization of Oils, 
Fats, & Fat Products, edited by H. A. 
BOEKENOOGEN; 421 pages; $12.75. 

Applied Superconductwity by V. L. 
oaen: 285 pages; $8.50; Wiley. 

Scientific Creativity: Its Recognition & 
Development, edited by C. W. TAYLOR 
& F. Barron; 419 pages; $7.95. 
Wiley. 

Principles of Solidification by B. CHAL- 
MERS; 319 pages; $13.; Wiley. 

Numerical Methods & Fortran Program- 
ming, With Applications in Engineer- 
ing & Science by D. D. MCCRACKEN 
& W. S. Dorn; 447 pages; $7.50; 
Wiley. 

On Physical Adsorption by 8. Ross & 
J. P. OLIVIER; 401 pages; $15. 

Advances in Photochemistry, edited by 
W. A. Noyes et al.; 453 pages; 
$16.50. 
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Physical Chemistry by D. F. EGGERS, Jr. 
et al.; 783 pages; $9.95; Wiley. 

Preparative Inorganic Reactions, Vol. 1, 
<i by W. M. JorLy; 271 pages; 


Thermal Degradation of Organic Poly- 
mers by 8. L. Maporsky; 315 pages; 
$12.50. 


Miscellany 


From Macrae Smith Co.: 

The Strange World of Birds by J. WAKE- 
FIELD; 151 pages; $4.95. 

From The American Chemical Society, 

Washington, D.C.: 

Amino Acids & Serum Proteins by 
R. F. Gounp; 154 pages; $5.50; Ad- 
vances No. 44. 

From Dept. of Entomology, N. Dakota 

State University, Fargo, N.D.: 

Insects—How to Collect, Mount, Pre- 
serve, Identify & Display Them by 
R. L. Post; $0.85 postpaid. 

From The C. V. Mosby Co.: 

Laboratory Manual & Workbook for 
Integrated Basic Science; 331 pages; 
$4.75 paper. 

From Philosophical Library: 

Isaac Newton, The Mathematical Prin- 
ciples of Natural Philosophy, edited 
by A. DeL Veccuio; 447 pages; $10. 

The Difficult Child, edited by J. S. 
RoucexK; 292 pages; $7.50. 

From Hafner Publishing Co.: 

The Electrogenetics of Alberto Pirovano 
by J. L. Spencer; 298 pages; 114 
pages; $15. 

From Frederick Ungar Publishing Co. : 
Introduction to Satellite Geodesy by I. I. 

MUELLER; 415 pages; $15. 

From Harvard Business School, Division 

of Research, Boston 63, Mass.: 

Tables for Normal Sampling with Un- 
known Variance by J. BRACKEN & A. 
SCHLEIFER, JR.; 193 pages; $8. 

From Exposition Press: 

Translation of Scientific Russian, A 
Handbook by V. A. Prrrzorr; 
147 pages; $5. 

From National Academy of Sciences, Re- 

search Council: 

Survey of Chemical Notation Systems; 
467 pages; $7 paper; Publication 
1150. 

From The Aeronautical Research Institute 
of Sweden (Box 1121, Stockholm): 
Speed & Safety in Civil Aviation, Part I: 

Speed; Part ITI: Speed Vs. Safety, Re- 
marks, Discussion by Bo. K. O. Lunp- 
BERG; 125 pages; 1963. 

From Group for the Advancement of Psy- 

chiatry, 104 E. 25th St., New York 10: 

Pavlovian Conditioning & American 
Psychiatry, GAP Symposium No. 9, 
64 pages; $1 paper. 

From Barnes & Noble: 

Qualitative Analysis by R. U. Brums- 
LAY; 185 pages; $1.50 paper. 





Change is at the heart of our Research and 


Development program. The optical font char- 


acters in the illustration above are part of a 
language that both people and electronic 
computer systems can understand .. . just 
one of an ever-growing list of scientific 
achievements by NCR people that have brought 


about many changes in such areas as elec- 
semi-conductor ma- 


tronics, photochromics, 
terials, and paper technology. All of these 
advances are of vital 


For example, because of NCR research, it 
is now possible to reduce a full page the size 





interest to business, 
industry, government and military agencies. 





Change. Change. Change. That’s research. 


of a newspaper to a tiny rectangle of space. 


The reduction is made possible through NCR's 
photochromic micro-image process. A minute 
area can hold thousands of micyo-capsules 


. . cell-like structures containing useful ma- 


terials produced by means of NCR's amazing 
chemical process of micro-encapsulation. 
Perhaps your own changing interests and 
professional employment objectives coincide 
with those of NCR. If so, and you would like 
to be considered for positions that are now 


opening, write in complete confidence to T, F. 


Wade, Technical Placement, The National 
Cash Register Co., Dayton 9, Ohio. 


AN EQUAL OPPORTUNITY EMPLOYER 





BE SURE TO VISIT THE NCR PAVILION AT THE NEW YORK WORLD'S FAIR. THE NATIONAL CASH REGISTER CO, @® 
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i a a Aspects of Modern Science 
by C. E. M. Joan; 272 pages; $1.50 


paper. 
From D. C. Heath & Co.: 

Microbes: Their Growth, Nutrition, & 
Interaction by A. S. SUSSMAN; 124 
pages; and Slime Molds & Research by 
C. J. ALExopouLos & J. KoEVENIG; 
36 pages; paper; for the American 
Institute of Biological Sciences; costs 
from the publisher. 

From W. H. Freeman & Co.: 

The Languae of Nature, An Essay in the 
Philosophy of Science by D. Haw- 
KINS; 372 pages; $7.50. 

Fluvial Processes in Geomorphology by 
L. B. Leopo.p et al.; 522 pages; $10. 

From Penguin Books: 

Sexual Deviation by A. Srorr; 139 
pages; $0.85 paper. 

Penguin Science Survey A 1964, edited 
by A. GARRATT; 230 pages; Survey B, 
edited by S. A. BARNETT & A. 
McLaren; 252 pages; $1.65 each, 
paper. 

From International Publications (317 E. 
34th St., New York, N.Y. 10016): 
Radiological Health & Safety in Minin 

& Milling of Nuclear Materials, Vol. 
II, Vienna Symposium, August 1963; 
562 pages; $11. 

From Butterworths : 

Physics of Atomic Collisions by J. B. 
HAsTED; 536 pages; $26. 

From North-Holland Publishing Co.: 

Isotopic & Cosmic Chemistry, edited by 
H. Craig, et al.; 553 pages; $15. 

From Burgess Publishing Co.: 

Handbook of Cell & Organ Culture by 
D. J. Mercuant et al.; 263 pages; 
$6.25 paper, $7.50 cloth. 

From Holkden-Day, Inc. : 

Structure Elucidation of Natural Prod- 
ucts by Mass Spectrometry, Vol. I, 
Alkaloids by H. BupzrKrewicz et al.; 
233 pages; $10.50. 

From Allyn & Bacon, Inc.: 

Chemistry, A Physical Approach by 
W. F. SHEEHAN; 601 pages; $8.75. 
From Longmans, Green & Co., Pinnacles 

Harlow, Essex: 

Genetics & Breeding of Rice by M. F. 
CHANDRARATNA; 389 pages; 70s. 
From The American Society for Micro- 

biology: 

Antimicrobial Agents & Chemotherapy— 
1963 (Proceedings of the Third Inter- 
science Conference on Antimicrobial 
Agents & Chemotherapy, Washing- 
ton, D.C., October 1963), edited by 
a SYLVESTER; 806 pages; $12. 

From Taxonomic Publications: 

Curculionidae of America North of 
Mexico, A Key to the Genera by D. G. 
KISSINGER; 143 pages; $7.50 paper. 

From Springer-Verlag in Vienna: 

Progress in the Chemistry of Organic Nat- 

ural Products, Cumulative Index, Vols. 
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I-XX, 1938-1962, edited by L. 
ZECHMEISTER; 369 pages; $15. 
From Ejnar Munksgaard, Copenhagen: 
The Negotiators, the bhallenbe of the 
Atomic Age by O. KOFOEDHANSEN; 
157 pages; Dkr. 21. 
From Houghton Mifflin Co. : 
From Vital Force to Structural Formulas 
by O. T. Benrrey; 115 pages; $1.95 


paper. 

From The Smithsonian Institution, Wash- 
ington : 

The Microscopic Properties of Meteorites 
by G. TscHERMAK; 239 pages; $1.25 
paper. 

From American Geologic Institute, Wash- 
ington: 

Directory of Geoscience Departments; 151 
pages; $3 paper. 
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THE 
PIGGYBACGK 
TWISTOR 


An electronic digital memory should have a 
fast operating time, a high storage capacity 
in a small volume, and a low cost. In many 
data processing systems, such as those used 
in the control of electronic telephone switch- 
ing, two other memory characteristics are de- 
sirable: electrical alterability and nondestruc- 
tive read-out. 


To provide these characteristics, Bell Lab- 
oratories engineers have developed the “pig- 
gyback” twistor memory element. It consists 
of two dissimilar magnetic tapes spirally 
wrapped on a copper wire. A “soft” (easy to 
magnetize) magnetic tape is wrapped directly 
on the copper wire and is overlaid, or piggy- 
backed, by a “hard” (difficult to magnetize) 
magnetic tape. The information content, or 
magnetic state, of the outer tape is deter- 
mined by sensing the magnetic state of the 
inner tape with a current pulse. Sensing does 
not destroy the information content of the 
outer tape. Because the tapes can be made 
and handled in long lengths, wrapping the pig- 
gyback wire and assembling the module are 
relatively simple. 


In earlier twistors, information is stored in 
permanent magnets which are precisely posi- 
tioned over an array of singly wrapped twistor 
wires. In the new design, the function of the 
magnets is taken over by the outer tape, 
greatly simplifying the memory unit and re- 
ducing its volume. 

Experimental piggyback twistor memories 
have been made and tested in modular sizes 
of a quarter million bits. A read-cycle time 
of 5 microseconds has been achieved for a 
4096-word memory. 


BELL TELEPHONE LABORATORIES. Research 
and Development Unit of the Bell System. 
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Bit element of the piggyback twistor: A copper wire, 
3 mils in diameter, is wrapped with a ‘“‘soft’’ magnetic 
tape 4.5 mils wide by 0.3 mil thick. Piggybacked on the 
first winding is a “hard” magnetic tape 6.5 mils wide by 
0.5 mil thick. The wrapping angle is about 45 degrees, 
and there are 92 wraps per inch. The outer tape has been 
“loosened” in the illustration to expose the inner tape. 





An array of piggyback twistor wires with their read-write 
word straps. To write, a current pulse is sent via a fer- 
rite core through a single word strap. Simultaneously, 
another pulse is sent through a pair of twistor wires, 
setting the magnetic state of the outer tape. To read, a 
pulse is sent through the word strap alone. This pulse 
switches the direction of magnetization in the inner tape, 
thus inducing voltage in the twistor wires. (Assembly 
magnified 3X; insert, showing a pair of twistor wires, 
magnified 15X.) 
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HARVEY A. NEVILLE 


The ninth President of Lehigh University, serving in that capacity 
since 1960, and associated with Lehigh since 1927, Dr. Neville was 
elected, at the Sixty-fourth Annual Convention in Cleveland, Ohio, in 
December 1963, to a five-year term as Treasurer of the Society of the 
Sigma Xi. He succeeded Donald Bishop Prentice. A chemist by pro- 
fession, he gained an A.B. from Randolph-Macon College and Ph.D. from 
Princeton University. The recipient of the Hillman Award of the Lehigh 
Faculty in 1948 and of honorary degrees from Randolph-Macon in 1952, 
and from Moravian and Lafayette Colleges in 1962, he becomes Presi- 
dent Emeritus of Lehigh at the Founder’s Day Exercises, October 11, 
1964. 
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INFORMATION PROCESSING IN 
COMPUTER AND MAN* 


By HERBERT A. SIMON and ALLEN NEWELL 


RGANIZING a computer to perform complex tasks depends very 
QO much more upon the characteristics of the task environment than 
upon the “hardware’’—the specific physical means for realizing the proc- 
essing in the computer. Thus, all past and present digital computers 
perform basically the same kinds of symbol manipulations. 

In programing a computer it is substantially relevant what physical 
processes and devices—electromagnetic, electronic, or what not— 
accomplish the manipulations. A program, written in one of the symbolic 
programing languages, like ALGOL or FORTRAN, will produce the 
same symbolic output on a machine that uses electron tubes for process- 
ing and storing symbols, one that incorporates magnetic drums, one 
with a magnetic core memory, or one with completely transistorized 
circuitry. The program, the organization of symbol-manipulating proc- 
esses, is what determines the transformation of input into output. 
In fact, provided with only the program output, and without information 
about the processing speed, one cannot determine what kinds of physical 
devices accomplished the transformations: whether the program was 
executed by a solid-state computer, an electron-tube device, an elec- 
trical relay machine, or a room full of statistical clerks! Only the or- 
ganization of the processes is determinate. Out of this observation arises 
the possibility of an independent science of information processing. 

By the same token, since the thinking human being is also an informa- 
tion processor, it should be possible to study his processes and their 
organization independently of the details of the biological mechanisms— 
the ‘‘hardware’”—that implement them. The output of the processes, 
the behavior of Homo cogitans, should reveal how the information proc- 
essing is organized, without necessarily providing much information 


a pee Xi-RESA National Lecture delivered by Dr. Herbert A. Simon, 
1963-64. 
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about the protoplasmic structures or biochemical processes that imple- 
ment it. From this observation follows the possibility of constructing 
and testing psychological theories to explain human thinking in terms of 
the organization of information processes; and of accomplishing this 
without: waiting until the neurophysiological foundations at the next 
lower level of explanation have been constructed. 

Finally, there is a growing body of evidence that the elementary 
information processes used by the human brain in thinking are highly 
similar to a subset of the elementary information processes that are 
incorporated in the instruction codes of present-day computers. As a 
consequence it has been found possible to test information-processing 
theories of human thinking by formulating these theories as computer 
programs—organizations of the elementary information processes— 
and examining the outputs of computers so programed. The procedure 
assumes no similarity between computer and brain at the “hardware” 
level, only similarity in their capacities for executing and organizing 
elementary information processes. From this hypothesis has grown up a 
fruitful collaboration between research in “artificial intelligence,” 
aimed at enlarging the capabilities of computers, and research in human 
cognitive psychology. 

These, then, are the three propositions on which this discussion 
rests: 


(1) A science of information processing can be constructed that 1s 
substantially independent of the specific properties of particular informa- 
tion processing mechanisms. 

(2) Human thinking can be explained in information-processing terms 
without waiting for a theory of the underlying neurological mechanisms. 

(3) Information-processing theories of human thinking can be formu- 
lated in computer programing languages, and can be tested by simulating 
the predicted behavior with computers. 


Levels of Explanation 


No apology is needed for carrying explanation only to an intermediate 
level, leaving further reduction to the future progress of science. The 
other sciences provide numerous precedents, perhaps the most relevant 
being nineteenth-century chemistry. The atomic theory and the theory 
of chemical combination were invented and developed rapidly and 
fruitfully during the first three-quarters of the nineteenth century— 
from Dalton, through Kekulé, to Mendeleev—without any direct 
physical evidence for or description of atoms, molecules, or valences. 
To quote Pauling: [1] 

Most of the general principles of molecular structure and the nature of the 


chemical bond were formulated long ago by chemists by induction from the great 
body of chemical facts. . . 
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The study of the structure of molecules was originally carried on by chemists 
using methods of investigation that were essentially chemical in nature, relating 
to the chemical composition of substances, the existence of isomers, the nature of 
the chemical reactions in which a substance takes part, and so on. From the con- 
sideration of facts of this kind Frankland, Kekulé, Couper, and Butlerov were led a 
century ago to formulate the theory of valence and to write the first structural 
formulas for molecules, van’t Hoff and le Bel were led to bring classical*organic 
stereochemistry into its final form by their brilliant postulate of the tetrahedral 
orientation of the four valence bonds of the carbon atom, and Werner was led to 
his development of the theory of the stereochemistry of complex ingrganic sub- 
stances. 


The history this passage outlines 1s worth pondering, because the 
last generation of psychologists has engaged in so much methodological 
dispute about the nature, utility, and even propriety, of theory. The 
vocal, methodologically self-conscious, behaviorist wing of experimental 
psychology has expressed its scepticism of ‘unobserved entities” and 
‘intermediate constructs” [2]. Sometimes it has seemed to object to 
filling the thinking head with anything whatsoever. Psychologists who 
rejected the empty-head viewpoint, but who were sensitive to the 
demand for operational constructs tended to counter the behaviorist 
objections by couching their theories in physiological language t31. 

The example of atomic theory in chemistry shows that neither horn 
of this dilemma need be seized. On the one hand, hypothetical entities, 
postulated because they were powerful and fruitful for organizing ex- 
perimental evidence, proved exceedingly valuable in that science, and 
did not produce objectionable metaphysics. Indeed, they were ultimately 
legitimized in the present century by “direct” physical evidence. 

On the other hand, the hypothetical entities of atomic theory ini- 
tially had no physical properties (other than weight) that could explain 
why they behaved as they did. While an electrical theory of atomic 
attraction predated valence theory, the former hypothesis actually 
impeded the development of the latter and had to be discredited before 
the experimental facts could fall into place. The valence of the mid- 
century chemist was a “chemical affinity” without any underlying phys- 
ical mechanism. So it remained for more than half a century until 
the electron-shell theory was developed by Lewis and others to explain 
it. 

Paralleling this example from chemistry, information-processing 
theories of human thinking employ unobserved entities—symbols— 
and unobserved processes—elementary information processes. The 
theories provide explanations of behavior that are mechanistic without 
being physiological. That they are mechanistic—that they postulate 
only processes capable of being effected by mechanism—is 
guaranteed by simulating the behavior predicted on ordinary digital 
computers. (See the Appendix, “Computer Programs as Theories.’’) 
Simulation provides a basis for testing the predictions of the theories, 
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but does not imply that the protoplasm in the brain resembles the elec- 
tronic components of the computer. 


A Specific Information-Processing Theory: Problem Solving in Chess 


Information-processing theories have been constructed for several 
kinds of behavior, and undertake to explain behavior in varying degrees 
of detail. As a first example, we consider a theory that deals with a 
rather narrow and special range of human problem-solving skill, at- 
tempting to explain the macroscopic organization of thought in a 
particular task environment. 

Good chess players often detect strategies—called in chess, ‘‘com- 
binations’—that impose a loss of a piece or a checkmate on the opponent 
over a series of moves, no matter what the latter does in reply. In actual 
game positions where a checkmating possibility exists, a strong player 
may spend a quarter hour'’or more discovering it, and verifying the 
correctness of his strategy. In doing so, he may have to look ahead four 
or five moves, or even more [4]. If the combination is deep, weaker 
players may not be able to discover it at all, even after protracted 
search. How do good players solve such problems? How do they find 
combinations? 

A theory now exists that answers these questions in some detail. 
First, I shall describe what it asserts about the processes going on in the 
mind of the chess player as he studies the position before him, and what 
it predicts about his progress in discovering an effective strategy. 
Then we can see to what extent it accounts for the observed facts. 
The actual theory is a computer program couched in a list-processing 
language, called Information Processing Language V (IPL-V). Our 
account of the theory will be an English-language translation of the main 
features of the program [s). 

The statement of the theory has five main parts. The first two of 
these specify the way in which the chess player stores In memory his 
representation of the chess position, and his representation of the moves 
he is considering, respectively. The remaining parts of the theory specify 
the processes he has available for extracting information from these 
representations and using that information: processes for discovering 
relations among the pieces and squares of the chess position, for synthe- 
sizing chess moves for consideration, and for organizing his search 
among alternative move sequences. We shall describe briefly each of 
these five parts of the theory. 

The theory asserts, first of all, that the human chess player has means 
for storing internally, in his brain, encoded representations of the stimuli 
presented to him. In the case of a highly schematized stimulus like a 
chess position, the internal symbolic structure representing it can be 
visualized as similar to the printed diagram used to represent it in a 
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chess book. The internal representation employs symbols that name the 
squares and the pieces, and symbolizes the relations among squares, 
among pieces, and between squares and pieces. 

For example, the internal representation symbolizes rather explicitly 
that a piece on the King’s square is a [night’s-move away, in a SSW 
direction, from a piece on the third rank of the Queen’s file. Similarly, 
if the King’s Knight is on the King’s Bishop’s Third square (KB3), 
the representation associates the symbol designating the Knight with 
the symbol designating the KB3 square, and the symbol designating 
the square with that designating the Knight. On the other hand, the 
representation does not symbolize directly that two pieces stand on the 
same diagonal. Relations like this must be discovered or inferred from 
the representation by the processes to be discussed below. 

Asserting that a position is symbolized internally in this way does 
not mean that the internal representations are verbal (any more than 
the diagrams in a chess book are verbal). It would be more appropriate, 
in fact, to describe the representations as a “visual image,” provided 
that this phrase is not taken to imply that the chess player has any 
conscious explicit image of the entire board in his ‘‘mind’s eye.” 

The chess player also has means for representing in memory the moves 
he is considering. He has symbol-manipulating processes that enable him, 
from his representations of a position and of a move, to use the latter to 
modify the former—the symbolic structure that describes the position— 
into a new structure that represents what the position would be after 
the move. The same processes enable him to “unmake” a move—to 
symbolize the position as it was before the move was considered. Thus, 
if the move that transfers the King’s Knight from his original square 
(KN1) to the King’s Bishop’s Third square (KB3) is stored in memory, 
the processes in question can alter the representation of the board by 
changing the name of the square associated with the Knight from KN1 
to KB3, and conversely for unmaking the move. 

The chess player has processes that enable him te discover new relations 
in a position, to symbolize these, and to store the information in memory. 
For example, in a position he is studying (whether the actual one on 
the board, or one he has produced by considering moves), he can dis- 
cover whether his King is in check—attacked by an enemy man; or 
whether a specified piece can move to a specified square; or whether a 
specified man is defended. The processes for detecting such relations are 
usually called perceptual processes. They are characterized by the fact 
that they are relatively direct: they obtain the desired information 
from the representation with a relatively small amount of manipulation. 

The chess player has processes, making use of the perceptual processes, 
that permit him to generate or synthesize for his consideration moves with 
specified properties—for example, to generate all moves that will check 
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the enemy King. To generate moves having desired characteristics may 
require a considerable amount of processing. If this were not so, if any 
kind of move could be discovered effortlessly, the entire check-mating 
program would consist of the single elementary process: DISCOVER 
CHECKMATING MOVES. 

An example of these more complex, indirect processes is a procedure 
that would discover certain forking moves (moves that attack two 
pieces simUltaneously) somewhat as follows: 

Find the square of the opposing Queen. Find all squares that lie a 
Knight’s-move from this square. Determine for each of these squares 
whether it is defended (whether an opposing piece can move to it). 
If not, test all squares a Knight’s-move away from it to see if any of 
them has a piece that 1s undefended or that is more valuable than a 
Knight. 

Finally, the chess player has processes for organizing a search for mating 
combinations through the “tree” of possible move sequences. This search 
makes use of the processes already enumerated, and proceeds as follows: 

The player generates all the checking moves available to him in the 
given position, and for each checking move, generates the legal replies 
open to his opponent. If there are no checking moves, he concludes 
that no checkmating combination can be discovered in the position, 
and stops his search. If, for one of the checking moves, he discovers there 
are no legal replies, he concludes that the checking move in question is a 
checkmate. If, for one of the checking moves, he discovers that the op- 
ponent has more than four replies, he concludes that this checking move 
is unpromising, and does not explore it further. 

Next, the player considers all the checking moves (a) that he has 
not yet explored and (b) that he has not yet evaluated as “CHECK- 
MATE” or “NO MATE.” He selects the move that is most promising— 
by criteria to be mentioned presently—and pushes his analysis of that 
move one move deeper. That is, he considers each of its replies in turn, 
generates the checking moves available after those replies, and the re- 
plies to those checking moves. He applies the criteria of the previous 
paragraph to attach “CHECKMATE” or “NO MATE” labels to the 
moves when he can. He also “propagates” these labels to antecedent 
moves. For example, a reply is labeled CHECK MATE if at least one 
of its derivative checking moves is CHECKMATHE; it is labeled NO 
MATE if all the consequent checking moves are so labeled. A checking 
move is labeled CHECKMATE if all of the replies are so labeled; it is 
labeled NO MATE if at least one reply is so labeled. 

The most promising checking move for further exploration is selected 
by these criteria: that checking move to which there are the fewest 
replies receives first priority 6]. If two or more checking moves are tied 
on this criterion, a double check (check with two pieces) is given priority 
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over a single check. If there is still a tie, a check that does not permit a 
recapture by the opponent is given priority over one that does. Any 
remaining ties are resolved by selecting the check generated most 
recently. 

A number of details have been omitted from this description, but 
it indicates the theory’s general structure and the kinds of processes in- 
corporated. The theory predicts, for any chess position that is presented 
to it, whether a chess player will discover a mating combinatfon in that 
position, what moves he will consider and explore in his search for the 
combination, and which combination (if there are several alternatives, 
as there often are) he will discover. These predictions can be compared 
directly with published analyses of historical chess positions or tape 
recordings of the thinking-aloud behavior of human chess players to 
whom the same position is presented. 

Now it is unlikely that, if a chess position were presented to a large 
number of players, all of them would explore it in exactly the same way. 
Certainly strong players would behave differently from weak players. 
Hence, the information-processing theory, if it 1s a correct theory at all, 
must be a theory only for players of a certain strength. On the other 
hand, we would not regard its explanation of chess playing as very 
satisfactory if we had to construct an entirely new theory for each 
player we studied. 

Matters are not so bad, however. First, the interpersonal variations 
in search for chess moves In middle-game positions appear to be quite 
small for players at a common level of strength as we shall see in a 
moment. Second, some of the differences that are unrelated to playing 
strength appear to correspond to quite simple variants of the program— 
altering, for example, the criteria that are used to select the most promis- 
ing checking move for exploration. Other differences, on the other hand, 
have major effects on the efficacy of the search, and some of these, also, 
can be represented quite simply by variants of the program organization. 
Thus, the basic structure of the program, and the assumptions it in- 
corporates about human information-processing capacities, provides a 
general explanation for the behavior, while particular variants of this 
basic program allow specific predictions to be made of the behavioral 
consequences of individual differences in program organization and 
content. 

The kinds of information the theory provides, and the ways in which 
it has been tested can be illustrated by a pair of examples. Adriaan de 
Groot [7] has gathered and analyzed a substantial number of thinking- 
aloud protocols, some of them from grandmasters. He uniformly finds 
that, even in complicated positions, a player seldom generates a “tree” 
of more than fifty or seventy-five positions before he chooses his move. 
Moreover, the size of the tree does not depend on the player’s strength. 
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The thinking-aloud technique probably underestimates the size of the 
search tree somewhat, for a player may fail to mention some variations 
he has seen, but the whole tree is probably not an order of magnitude 
greater than that reported. 

In forty positions from a standard published work on mating com- 
binations where the information-processing theory predicted that a 
player would find mating strategies, the median size of its search tree 
ranged from 13 positions for two-move mates, to 53 for five-move mates. 
A six-move mate was found with a tree of 95 positions; and an eight- 
move mate with a tree of 108. (The last two mates, as well as a number 
of the others, were from historically celebrated games between grand- 
masters, and are among the most “brilliant” on record.) Hence, we can 
conclude that the predictions of the theory on amount of search are 
quite consistent with de Groot’s empirical findings on the behavior of 
highly-skilled human chess players. i 

The second example tests a much more detailed feature of the theory. 
In the eight-move mate mentioned above, it had been known that by 
following a different strategy the mate could have been achieved in 
seven moves. Both the human grandmaster (Edward Lasker in the game 
of Lasker-Thomas, 1912) and the program found the eight-move mate. 
Examination of the exploration shows that the shorter sequence could 
only have been discovered by exploring a branch of the tree that per- 
mitted the defender two replies before exploring a branch that permitted 
a single reply. The historical evidence here confirms the postulate of 
the theory that players use the “fewest replies” heuristic to guide their 
search. (The evidence was discovered after the theory was constructed.) 
A second piece of evidence of the same sort has been found in a recent 
game between experts reported in Chess Life (December 1963). The 
winner discovered a seven-move mate, but overlooked the fact that he 
could have mated in three moves. The annotator of the game, a master, 
also overlooked the shorter sequence. Again, it could only have been 
found by exploring a check with two replies before exploring one with a 
single reply. 

The ‘fewest replies” heuristic is not a superficial aspect of the players’ 
search, nor is its relevance limited to the game of chess. Most problem- 
solving tasks—for example, discovering proofs of mathematical theo- 
rems—trequire a search through a branching “tree” of possibilities. 
Since the tree branches geometricaily, solving a problem of any difficulty 
would call for a search of completely unmanageable scope (numbers 
like 10!” arise frequently in estimating the magnitude of such searches), 
if there were not at hand powerful heuristics, or rules of thumb, for 
selecting the promising branches for exploration. Such heuristics permit 
the discovery of proofs for theorems (and mating combinations) with the 
limited explorations reported here. 
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The “fewest replies” heuristic is powerful because it combines two 
functions: It points search in those directions that are most restrictive 
for the opponent, giving him the least opportunity to solve his problem; 
at the same time, it limits the growth of the search tree, by keeping its 
rate of branching as low as possible. The “fewest replies” heuristic is 
the basis for the idea of retaining the initiative in military strategy, and 
in competitive activities generally, and is also a central heuristic in 
decision-making in the face of uncertainty. Hence, its appearance in the 
chess playing theory, and in the behavior of the human players, is not 
fortuitous. 


Parsimonious and Garrulous Theories 


Granting its success in predicting both some general and some very 
specific aspects of human behavior in chess playing, like the examples 
just described, the theory might be confronted with several kinds of 
questions and objections. It somehow fails to conform to our usual 
notions of generality and parsimony in theory. First, it is highly specific— 
the checkmating theory purports to provide an explanation only of 
how good chess players behave when they are confronted with a posi- 
tion on the board that calls for a vigorous mating attack. If we were 
to try to explain the whole range of human behavior, over all the enor- 
mous variety of tasks that particular human beings perform, we should 
have to compound the explanations from thousands of specific theories 
like the checkmate program. The final product would be an enormous 
compendium of ‘‘recipes” for human behavior at specific levels of skill 
in specific task environments t8]. 

Second, the individual theories comprising this compendium,would 
hardly be parsimonious, judged by ordinary standards. We used about a 
thousand words above to provide an approximate description of the 
checkmate program. The actual program—the formal theory—consists 
of about three thousand computer instructions in a list-processing 
language, equivalent in information content to about the same number 
of English words. (It should be mentioned that the program includes a 
complete statement of the rules.of chess, so that only a small part of 
the total is given over to the description of the player’s selection rules 
and their organization.) 

Before we recoil from this unwieldy compendium as too unpleasant 
and unaesthetic to contemplate, let us see how it compares in bulk with 
theories in the other selences. With the simplicity of Newtonian me- 
chanics (why is this always the first example to which we turn?), there is, 
of course, no comparison. If classical mechanics is the model, then a 
theory should consist of three sentences, or a couple of differential 
equations {9}. 

But chemistry, and particularly organic chemistry, presents a dif- 
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ferent picture. It is perhaps not completely misleading to compare the 
question “How does a chess player find a checkmating combination?” 
with a question like “How do photoreceptors in the human eye operate?” 
or “How is the carbohydrate and oxygen intake of a rabbit transformed 
into energy usable in muscular contraction?” 

The theory of plant metabolism provides a striking example of an 
explanation of phenomena in terms of a substantial number of complex 
mechanisms. Calvin and Bassham, in their book on The Photosynthesis 
of Carbon Compounds [10], introduce a figure entitled “carbon reduction 
pathways in photosynthess” with the statement: “We believe the prin- 
cipal pathways for photosynthesis of simple organic compounds from 
: CO; to be those shown in Figure 2.” (Italics ours) The figure referred to 
represents more than forty distinct chemical reactions and a corres- 
ponding number of compounds. This diagram, of course, is far from 
representing the whole theory. Not only does it omit much of the detail, 
but it contains none of the quantitative considerations for predicting 
reaction rates, energy balances, and so on. The verbal description ac- 
companying the figure, which also has little to say about the quantita- 
tive aspects, or the energetics, is over two pages in length—almost as 
long as our description of the chess-playing program. Here we have a 
clear-cut example of a theory of fundamental importance that has none 
of the parsimony we commonly associate with scientific theorizing. 

The answer to the question of how photosynthesis proceeds is de- 
cidedly longwinded—as is the answer to the question of how chess players 
find mating combinations. We are often satisfied with such longwinded 
answers because we believe that the phenomena are intrinsically com- 
plex, and that no brief theory will explain them in detail. We must ad- 
just our expectations about the character of information-processing 
theories of human thinking to a similar level. Such theories, to the 
extent that they account for the details of the phenomena, will be 
highly specific and highly complex. We might call then “garrulous 
theories” in contrast with our more common models of parsimonious 
theories. 


Elementary Information Processes 


We should like to carry the analogy with chemistry a step further. 
Part of our knowledge in chemistry—and a very important part for 
the experimental chemist—consists of vast catalogs of substances and 
reactions, not dissimilar in bulk to the compendium of information 
processes we are proposing. But, as we come to understand these sub- 
stances and their reactions more fully, a second level of theory emerges 
that explains them (at least their general features) in a more parsimo- 
nious way. The substances, at this more basic level, become geometrical 
arrangements of particles from a small set of more fundamental sub- 
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stances—atoms and sub-molecules—held together by a variety of known 
forces whose effects can be estimated qualitatively and, in simple cases, 
quantitatively. 

If we examine an information-processing theory like the checkmating 
program more closely, we find that it, too, is organized from a limited 
number of building blocks—a set of elementary information processes— 
and some composite processes that are compounded from the more 
elementary ones in a few characteristic ways. Let us try toe describe 
these building blocks in general terms. First, we shall characterize the 
way in which symbols and structures of symbols are represented inter- 
nally and held in memory. Then, we shall mention some of the principal 
elementary processes that alter these symbol structures [11]. F 

Symbols, Lists, and Descriptions: The smallest units of manipulable 
information in memory are symbol tokens {12}, or symbol occurrences. 
It is postulated that tokens can be compared, and that comparison 
determines that the tokens are occurrences of the same symbol (symbol 
type), or that they are different. 

Symbol tokens are arranged in larger structures, called lists. A list 
is an ordered set, a sequence, of tokens. Hence, with every token on 
a list, except the last, there Js associated a unique next token. Associated 
with the list as a whole is a symbol, its name. Thus, a list may be a 
sequence of symbols that are themselves names of lists—a list of lists. 
A familiar example of a list of symbols that all of us carry in memory 
is the alphabet. (Its name is ‘‘alphabet.’’) Another is the list of days of 
the week, in order—Monday is next to Sunday, and so on. 

Associations also exist between symbol types. An association is a 
two-termed relation, involving three symbols, one of which 
names the relation, the other two its arguments. “The color of the apple 
is red” specifies an association between ‘‘apple”’ and “red”? with the 
relation “color.” A symbol’s associations describe that symbol. 

Some Elementary Processes: A symbol, a list, and an association are 
abstract objects. Their properties are defined by the elementary m- 
formation processes that operate on them. One important class of such 
processes are the discrimination processes. The basic discrimination 
process, which compares symbols to determine whether or not they are 
identical, has already been mentioned. Pairs of compound structures— 
lists and sets of associations—are discriminated from each other by 
matching processes that apply the basic tests for symbol identity to 
symbols in corresponding positions in the two structures. For example, ` 
two chess positions can be discriminated by a matching process that 
compares the pieces standing on corresponding squares in the two 
positions. The outcome of the match might be a statement that “the 
two positions are identical except that the White King is on his Knight’s 
square in the first but on his Rook’s square in the second.” 
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Other classes of elementary information processes are those capable 
of creating or copying symbols, lists, and associations. These processes 
are involved, for cxample, in fixating or memorizing symbolic materials 
presented to the sense organs—learning a tune. Somewhat similar 
information processes are capable of modifying existing symbolic 
structures by inserting a symbol into a list, by changing a term of an as- 
sociation (from “its color is red” to “its color is green”), or by deleting 
a symbol fyom a list. 

Still another class of elementary information processes finds informa- 
tion that is in structures stored in memory. We can think of such a 
process, schematically, as follows: to answer the question, ‘What 
letter follows ‘g’ in the alphabet?,’”’ a process must find the list in memory 
named “alphabet.” Then, another process must search down that list 
until (usmg the match for identity of symbols) it finds a “g.” Finally, 
a third process must find the symbol nezt to “g” in the list. Similarly, 
to answer the question, “what color is the apple?,” there must be a 
process capable of finding the second term of an association, given the 
first term and the name of the relation. Thus, there must be processes 
for finding named objects, for finding symbols on a list, for finding the 
next symbol on a list, and for finding the value of an attribute of an 
object. 

This list of elementary information processes is modest, yet provides 
an adequate collection of building blocks to implement the chess- 
playing theory as well as the other information processing theories of 
thinking that have been constructed to date: including a general 
problem-solving theory, a theory of rote verbal learning, and several 
theories of concept formation and pattern recognition, among others [13]. 

Elementary Processes in the Chess Theory: A few examples will show 
how the mechanisms employed in the chess-playing theory can be 
realized by symbols, lists, associations, and elementary information 
processes. The player’s representation of the chess board is assumed to 
be a collection of associations: with each square is associated the 
symbol representing the man on that square, and symbols representing 
the adjoining squares in the several directions. Moves are similarly 
represented as symbols with which are associated the names of the 
squares from which and to which the move was made, the name of 
the piece moved, the name of the piece captured, if any, and so on. 

Similarly, the processes for manipulating these representations are 
compounded from the elementary processes already described. To 
make a move, for example, is to modify the internal representation of 
the board by deleting the association of the man to be moved with the 
square on which he previously stood, and creating the new association 
of that man with the square to which he moved; and, in case of a capture, 
by deleting also the association of the captured man with the square 
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on which he stood. Another example: testing whether the King is in 
check involves finding the square associated with the King, finding 
adjoining squares along ranks, files, and diagonals, and testing these 
squares for the presence of enemy men who are able to attack in the 
appropriate direction. (The latter is determined by associating with 
each man his type, and associating with each type of man the directions 
in which such men can legally be moved.) 

We see that, although the chess-playing theory containseseveral 
thousand program instructions, these are comprised of only a small 
number of elementary processes (far fewer than the number of elements 
in the periodic table). The elementary processes combine in a few simple 
ways into compound processes and operate on structures (lists and 
descriptions) that are constructed, combinatorially, from a single kind 
‘of building block—the symbol. There are two levels of theory: an 
“atomic” level, common to all the information-processing theories, of 
symbols, lists, associations, and elementary processes, and a “macro- 
molecular” level, peculiar to each type of specialized human performance, 
of representations in the form of list structures and webs of associations, 
and of compound processes for manipulating these representations. 

Processes in Serial Pattern Recognition: A second example of how 
programs compounded from the elementary processes explain behavior 
is provided by an information-processing theory of serial pattern 
recognition. 

Consider a sequence like: 


ABMCDMEFM——. 


An experimental subject in the laboratory, asked to extrapolate the 
series will, after a little thought, continue: j 


GHM, etc. 


To see how he achieves this result, we examine the original sequence. 
First, it makes use of letters of the Roman alphabet. We can assume 
that the subject holds this alphabet in memory stored as a list, so that 
the elementary list process for finding the NEXT item on a list can 
find B, given A, or find §, given R, and so on. Now we note that any 
letter in the sequence, after the first three, is related to previous letters 
by the relations NEXT and SAME. Specifically, if we organize the 
series into periods of three letters each: 


ABM CDM EFM 


we see that: 

(1) The first letter in each period is NEXT in the alphabet to the 
second letter in the previous period. 

(2) The second letter in each period is NEXT in the alphabet to 
the first letter in that period. 
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(3) The third letter in each period is the SAME as the corresponding 
letter in the previous period. 
The relations of SAME and NEXT also suffice for a series like: 


AAA CCC EEE... 


or far a number series like: 


17283940... 


In theelast case, the “alphabet”? to which the relation of NEXT is 
applied is the list of digits, 0 to 9, and NEXT is applied circularly—i.e., 
aiter 9 comes 0 and then 1 again. 

Several closely related information-processing theories of human 
pattern recognition have been constructed using elementary processes 
for finding and generating the NEXT item in a list {14}. These theories 
have succeeded in explaining some of the main features of human be- 
havior in a number of standard laboratory tasks, including so-called 
binary choice tasks, and series-completion and symbol-analogy tasks 
from intelligence tests. 

The nature of the series-completion task has already been illustrated. 
In the binary choice experiment, the subject is confronted, one by one, 
with a sequence of tokens—each a “+” or “V,” say. As each one is pre- 
sented to him, he is asked what the next one will be. The actual sequence 
is, by construction, random. The evidence shows that, even when the 
subjects are told this, they rarely treat it as random. Instead, they 
behave as though they were trying to detect a serial pattern in the 
sequence and extrapolate it. They behave essentially like subjects 
faced by the series-completion task, and basically similar information- 
processing theories using the same elementary processes can explain 
both behaviors. 


A Broader View of Thinking Processes 


A closer look at the principal examples now extant of information- 
processing theories suggests that another level of theory is rapidly 
emerging, intermediate between the “atomic” level common to all 
the theories and the “macromolecular” level idiosyncratic to each. It 
is clear that there is no prospect of eliminating all idiosyncratic elements 
from the individual theories. A theory to explain chess-playing per- 
formances must postulate memory structures and processes that are 
completely irrelevant to proving theorems in geometry, and vice versa. 

On the other hand, it is entirely possible that human performances 
in different task environments may call on common components at 
more aggregative levels than the elementary processes. This, in fact, 
appears to be the case. The first information-processing theory that 
isolated some of these common components was called the General Prob- 
lem Solver 115). 


INFORMATION PROCESSING IN COMPUTER AND MAN 295 


Means-End Analysis: The General Problem Solver is a program 
organized to keep separate (1) problem-solving processes that, according 
to the theory, are possessed and used by most human beings of average 
intelligence when they are confronted with any relatively unfamiliar 
task environment, from (2) specific information about each particular 
task environment. ° 

The core of the General Problem Solver is an organization of proc- 
ess for means-end analysis. The problem is defined by specifying a 
given situation (A), and a desired situation (B). A discrimination process 
incorporated in the system of means-end analysis compares A with B, 
and detects one or more differences (D) between them, if there are any. 
With each difference, there is associated in memory a set of operators, 
(Op), or processes, that are possibly relevant to removing differences 
of that kind. The means-end analysis program proceeds to try to remove 
the difference by applying, in turn, the relevant operators. 

Using a scheme of means-end analysis, a proof of a trigonometric 
identity like cos 8 tan 6 = sin @ might proceed like this: 

The right-hand side contains only the sine function, the left-hand 
side other trigonometric functions as well. The operator that replaces 
tan by sin/cos will eliminate one of these. Applying it we get cos @ 
(sin 6/cos 6) = sin 0. The left-hand side still contains an extraneous 
function, cosine. The algebraic cancellation operator, applied to the 
two cosines might remove this difference. We apply the operator, 
obtaining the identity sin 6 = sin 8. 

Planning Processes: Another class of general processes discovered 
in human problem-solving performances and incorporated in the General 
Problem Solver are planning processes. The essential idea in planning 
is that the representation of the problem situation is simplified. by 
deleting some of the detail. A solution is now sought for the new, simpli- 
fied, problem, and if one is found, it 1s used as a plan to guide the solution 
of the original problem, with the detail reinserted. 

Consider a simple problem in logic. Given: (1) “4A,” (2) “not A or 
B,” (8) “if not C then not B”; to prove “C.” To plan the proof, note 
that the first premise contains A, the second A and B, the third, B 
and C, and the conclusion, C. The plan might be to obtain B by com- 
bining A with (AB), then to obtain C by combining B with (BC). 
The plan will in fact work, but requires (2) to be transformed into 
“A implies B” and (8) into “B implies C,” which transformations follow 
from the definitions of “or” and “if... then.” 

Problem-Solving Organization: The processes for attempting subgoals 
in the problem-solving theories and the exploration processes in the 
chess-playing theory must be guided and controlled by executive proc- 
esses that determine what goal will be attempted next. Common 
principles for the organization of the executive processes have begun 
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to appear in several of the theories. The general idea has already been 
outlined above for the chess-playing program. In this program the 
executive routine cycles between an exploration (search) phase and an 
evaluation (scan) phase. During the exploration phase, the available 
problem-solving processes are used to investigate subgoals. The in- 
formation obtained through this investigation is stored in such a way 
as to be accessible to the executive. During the evaluation phase, the 
executive uses this information to determine which of the existing sub- 
goals is the most promising and should be explored next. An executive 
program organized in this way may be called a search-scan scheme, 
for it searches an expanding tree of possibilities, which provides a 
common pool of information for scanning by its evaluative processes [16]. 

The effectiveness of a problem-solving program appears to depend 
rather sensitively on the alternation of the search and scan phases. 
If search takes place in long sequences, interrupted only infrequently to 
scan for possible alternative directions of exploration, the problem 
solver suffers from stereotypy. Having initiated search in one direction, 
it tends to persist in that direction as long as the subroutines conducting 
the search determine, locally, that the possibilities for exploration have 
not been exhausted. These determinations are made in a very decentral- 
ized way, and without benefit of the more global information that has 
been generated. 

On the other hand, if search is too frequently interrupted to consider 
alternative goals to the one being pursued currently, the exploration 
takes on an uncoordinated appearance, wandering indecisively among 
a wide range of possibilities. In both theorem-proving and chess-playing 
programs, extremes of decentralized and centralized control of search 
have shown themselves ineffective in comparison with a balanced 
search-scan organization. 

Discrimination Trees: Common organizational principles are also 
emerging for the rote memory processes involved in almost all human 
performance. As a person tries to prove a theorem, say, certain expres- 
sions that he encounters along the way gradually become familiar to 
him and, his ability to discriminate among them gradually improves. 
An information-processing theory (HPAM) was constructed several 
years ago to account for this and similar human behavior in verbal 
learning experiments (e.g., learning nonsense syllables by the serial an- 
ticipation or paired associate methods) 17). This theory is able to ex- 
plain, for instance, how familiarity and similarity of materials affect 
rates of learning. The essential processes in EPAM include: (1) processes 
for discriminating among compound objects by sortmg them in a 
“‘diserimination tree,” (2) familiarization processes for-assdciating pairs 
or short sequences of objects. 

Discrimination processes operate by applying sequences of tests to 
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the stimulus objects, and sorting them on the basis of the test results— 
a sort of “twenty questions” procedure. The result of discrimination is 
to find a memory location where information is stored about objects 
that are similar to the one sorted. Familiarization processes create new 
compound objects out of previously familiar elements. Thus, during the 
last decade, the letter sequence “IPL” has become a familiar word 
(to computer programers!) meaning “Information processing language.” 
The individual letters have been associated in this word. Similarly, the 
English alphabet, used by the serial pattern-recognizing processes, is a 
familiar object compounded from the letters arranged in a particular 
sequence. All sorts of additional information can be associated with an 
object, once familiarized. (For example, the fact that IPL’s organize 
symbols in lists can be associated with “IPL’’.) l 

Because discrimination trees play a central role in EPAM, the pro- 
gram may also be viewed as a theory of pattern detection, and EPAM- 
like trees have been incorporated in certain information-processing 
theories of concept formation. It also now seems likely that the dis- 
crimination tree is an essential element in problem-solving theories like 
GPS, playing an important role in the gradual modification of the sub- 
ject’s behavior as he familiarizes himself with the problem material. 


Conclusion 


Our survey shows that within the past decade a considerable range 
of human behaviors has been explained successfully by mformation- 
processing theories. We now know, for example, some of the central 
processes that are employed in solving problems, in detecting and 
extrapolating patterns, and in memorizing verbal materials. i 

Information-processing theories explain behavior at various levels 
of detail. In the theories now extant, at least three levels can be dis- 
tinguished. At the most aggregative level are theories of complex be- 
havior in specific problem domains: proving theorems in logic or geom- 
etry, discovering checkmating combinations in chess. These theories 
tend to contain very extensive assumptions about the knowledge and 
skills possessed by the human beings who perform these activities, and 
about the way in which this knowledge and these skills are organized 
and represented internally. Hence, each of these theories incorporates a 
rather extensive set of assumptions, and predicts behavior only in a 
narrow domain. 

At a second level, similar or identical information-processing mecha- 
nisms are common to many of the aggregative theories. Means-end analy- 
sis, planning, the search-scan scheme, and discrimination trees are 
general-purpose organizations for processing that are usable over a wide 
range of tasks. As the nature of these mechanisms becomes better un- 
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derstood, they, in turn, begin to serve as basic building blocks for the 
ageregative theories, allowing the latter to be stated in more parsi- 
monious form, and exhibiting the large fraction of machinery that is 
common to all, rather than idiosyncratic to individual tasks. 

At the lowest, “atomic,” level, all the information-processing theories 
postulate only a small set of basic forms of symbolic representation and 
a small number of elementary information processes. The construction 
and successful testing of large-scale programs that simulate complex 
human behaviors provide evidence that a small set of elements, similar 
to those now postulated in information-processing languages, is sufficient 
for the construction of a theory of human thinking. 

Although none of the advances that have been described constitute 
explanations of human thought at the still more microscopic, physio- 
logical level, they open opportunities for new research strategies in 
physiological psychology. As the information-processing theories be- 
come more powerful and better validated, they disclose to the physio- 
logical psychologist the fundamental mechanisms and processes that 
he needs to explain. He need no longer face the task of building the whole 
long bridge from microscopic neurological and molecular structures to 
gross human behavior, but can instead concentrate on bridging the 
much shorter gap from physiology to elementary information processes. 

The work of Lettvin, Maturana, McCulloch, and Pitts on informa- 
tion processing in the frog’s eyes), and the work of Hubel and Wiesel 
on processing of visual information by the cat (19) already provide some 
hints of the form this bridging operation may take. 


APPENDIX: COMPUTER PROGRAMS AS THEORIES 


Since the use of computer programs as formal theories, in the manner 
described in this paper, is still somewhat novel, this appendix sketches 
briefly the relation between this formalism and the formalisms that 
have been used more commonly in the physical sciences. 

In the physical sciences, theories about dynamical systems usually 
take the form of systems of differential equations. This is the form of 
classical Newtonian mechanics, of Maxwells electromagnetic 
theory, and of many other theorles of central importance. In the 
classical dynamics of mass points, for example, it is assumed that the 
initial positions and velocities of a set of bodies (mass points) are given, 
and that the forces acting on the bodies are known, instantaneous func- 
tions of the positions, say, of the bodies. Then, by Newton’s Second Law, 
the acceleration (second derivative of position) of each body is pro- 
portional to the resultant force acting on it. The paths of the bodies over 
time are calculated by integrating twice the differential equations that 
express the Second Law. 
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More generally, a system of differential or difference equations is a 
set of conditional laws that determines the state of the system ‘“‘a 
moment later” as a function of its state at a given time. Repeated ap- 
plication of the laws, equivalent to integrating the equations, then 
determines the path of the system over time. 

A computer program is also literally a system of difference equations— 
albeit of a rather unorthodox kind. For it determines the behavior of 
the computer in the next instruction cycle as a function of the current 
contents of its memory. Executing the program is formally equivalent 
to integrating (numerically) the difference equations for a specified initial 
state of the computer. Thus, information-processing theories, expressed 
as programs in computer languages, are not merely analogous to more 
familiar kinds of dynamical theories; formally, they are of an equivalent 


type. 

Very simple systems of differential and integral equations can some- 
times be integrated formally, so that general properties can be inferred 
about the paths of the systems they describe, independent of particular 
initial and boundary conditions. There are no known methods for inte- 
grating formally systems of difference equations like those discussed in 
this paper. Hence, the principal means for making predictions about 
such systems is to simulate their behavior for particular initial and 
boundary conditions. ‘This is the method of investigation that we have 
relied on here. 
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BEHAVIOR OF AIRBORNE FISSION 
PRODUCTS 


By LUTHER B. LOCKHART, JR. 

N a report published in this journal several years ago [1], the authors 
Í speculated on the behavior of long-lived radioactive fission products 
in the atmosphere during an extended period free of nuclear testing. 
Several postulations were made regarding the degree of pollution of the 
lower atmosphere to be expected at various times during the morator- 
ium, dependent on the rate of interhemispheric mixing and of strato- 
spheric deposition. Though some consideration was given to the con- 
cept of a seasonal variation in the rate of subsidence of radioactivity 
from the stratosphere, the magnitude of this factor was not really ap- 
preciated at that time. 

The present report is intended to give an accounting of some experi- 
mental results actually obtained from atmospheric measurements made 
during the period 1958-1962 using the techniques described earlier. The 
data have been obtained from the 80th Meridian Air Sampling Program 
operated by the U.S. Naval Research Laboratory with the cooperation 
of a number of agencies and organizations in North and South America. 
The work has been financed, in part, by the Division of Biology and 
Medicine of the Atomic Energy Commission. 

Air filters were exposed at each site by the cooperating group, returned 
to the U.S. Naval Research Laboratory by air and assayed for gross 8- 
activity two weeks following the end of the collection period. Radio- 
chemical analyses for a number of isotopes, including Sr, were later 
run. 

The radioactivity burden of the troposphere as a function of time has 
been estimated from the average air concentrations of activity found at 
ground level at the various sites by assuming a uniform volume con- 
centration up to the height of the tropopause and weighting by the areas 
associated with the various latitude bands. Seasonal variations in the av- 
erage location of the tropopause have also been taken into account. There 
are problems, certainly, associated with the above assumptions and with 
the use of a single meridian as representative of global behavior. The 
general picture of the behavior of radioactive bomb debris in the atmo- 
sphere should be reasonably correct, however. 

The monthly averages of the burdens of gross §-activity associated 
with particulate radioactive debris from bomb tests are presented in 
Figure 1 for the period 1958-1962. This period includes the nearly three- 
year moratorium on nuclear testing by the United States, the United 
Kingdom, and the Soviet Union sandwiched between two active periods 
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of testing of large yield devices. Only the elapsed time between the major 
test series is of value in the estimation of the stratospheric depletion rate; 
the periods of intensive testing, however, with the quite different 
tropospheric loadings in the two hemispheres, did demonstrate that the 
equatorial region effectively hindered the interhemispheric mixing of 
particulate radioactivity in the lower atmosphere. 

The tropospheric components of radioactivity produced in the various 
bomb tests were evidenced by immediate increases in the tropospheric 
burdens of gross 6-activity, as, for example, that observed following the 
first French test in the Sahara on February 13, 1960. In this case, cross- 
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Fia. 1. Tropospheric Burdens of Gross Fission Product 8-Activity, 1958-1962. 


(23° 37'S) was documented by radiochemical analyses. Detailed inter- 
pretation of the air concentrations and burdens of gross 8-activity is not 
warranted because of the uncertain factor introduced by radioactive de- 
cay of the fission products. This decay rate 1s a function of the age of 
the debris; in mixtures consisting of debris from a multiplicity of 
sources, it is difficult to make reasonable assignments of ages to the 
various components. 

Sr® on the other hand, because of its long half-life (27.7 years), 
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serves as a conservative tracer for the movement and disposition of 
bomb debris in the atmosphere. Thus, the burdens of Sr” in the tropo- 
sphere can, in the absence of fresh nuclear debris there, be directly re- 
lated to the balance between subsidence from the stratosphere and 
deposition on the earth’s surface. Since fresh fission product conglomerates 
are always extremely poor in Sr” relative to the total 6-activity and since 
essentially complete washout or deposition of the tropospheric debris oc- 
curs within a matter of months, the small French tests during the mora- 
torium had a negligible effect on the over-all picture. 

The Sr® results plotted in Figure 2 show the strong mfluence of 
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Fra. 2. Burdens of Sr% in the Troposphere, 1959-1962. 


seasonal factors on radioactive fallout. The peaks are directly related to 
the greatly increased rate of downward mixing during the winter-spring 
season of stratospheric air rich in the long-lived fission products. Seasonal 
changes in rainfall rates, particularly in the tropical regions, influence 
the Sr” burdens only to a minor extent. Measurements of the accumu- 
lation of Sr on the earth’s surface, made by other investigators, likewise 
exhibit seasonal increases that are in phase with the maxima shown here. 

In the Northern Hemisphere, the large quantities of Sr” found in the 
air at ground level in early 1959 resulted principally from tests held in 
the Soviet Union during the fall of 1958, with some contribution. from the 
US. Pacific tests of 1958 and from earlier test series. That found during 
1960 and 1961 was a mixture from many tests with no large proportion 
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assignable to any particular test series. The fast rate of decrease between 
the maxima of 1959 and of 1960 is thus due primarily to the short resi- 
dence time of debris injected into the polar region, and suggests an 
average residence time there of less than six months. A similar considera- 
tion ofthe 1960-1961 activity burdens leads to an estimated average life- 
time of nearly four years for the remaining stratospheric activity, pri- 
marily that resulting from injections in the tropical regions. This latter 
figure appéars to be too high, though, for several reasons. 

Measurements of the W produced as a tracer in a number of the 
U.S. HARDTACK tests in the Pacific (April~August 1958) indicated a 
reduction of Sr® in the ground-level air from this source by about 75 per 
cent between 1959 and 1960, corresponding to an average residence time 
of less than a year for these tropically injected debris. Measurements 
by other investigators of another tracer, Rh, produced in the TEAK 
and ORANGE high altitude tests fired by the U.S. in August 1958, have 
indicated the increasing influx during 1961 of debris from this source. 
This new component thus caused only an apparent increase in the over- 
all residence time. It is evident, therefore, that both the altitude and the 
latitude of the injection of bomb debris are important in determining the 
residence time, and that the idea of a general stratospheric residence time 
has little meaning. 

In the Southern Hemisphere, for some reason as yet not understood, 
the seasonal variation is not well developed. Some moderation of the 
amplitude of the cycle could result from the equatorial crossover of 
debris from the Northern Hemisphere during its spring maximum, which 
would tend to cancel out the Southern Hemisphere fall minimum. 
Measurements made during 1962, when a large imbalance between 
hemispheres existed, would tend to discredit the significance of this 
mechanism. A more logical explanation would be the lack of any quan- 
tity of debris in the antarctic stratosphere in a position to undergo strong 
seasonal variations in downward mixing, since no significant stratospheric 
injections have been made south of the Christmas Island area (2°N). 
This unsymmetrical distribution could also account for the lack of a 
well-developed spring peak at sites in southern Chile, where the damping 
effects of equatorial crossover of tropospheric debris should be minimal. 
Furthermore, comparisons of radioactivity levels at comparable lati- 
tudes north and south of the Equator show a decided shortage in the 
higher latitudes of the Southern Hemisphere. 

One other speculation discussed in the previous paper was the possi- 
ble estimation of the rate of transequatorial movement of radioactivity 
within the stratosphere. Since our simplified picture of the atmosphere 
has already been demolished, perhaps the best we can do here is to revise 
our speculation. There is a real and progressive increase in the Sr” 
burden of the ground-level air in the Southern Hemisphere that is sug- 
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gestive of southward mixing of material from the Northern Hemisphere 
stratospheric source, at a rate that exceeded the rate of depletion of the 
Southern Hemisphere source; moreover, the hemispheric burdens were 
seemingly approaching equivalent but out-of-phase values prior to re- 
sumption of the large scale testing in September 1961. Questions already 
raised regarding the importance of the position and altitude of the 
stratospheric sources prevent any very definite conclusions to be drawn 
from such ground-level measurements regarding the behavigr of the 
stratospheric debris. Such programs as the Atomic Energy Commission, 
the Weather Bureau, and the Defense Atomic Support Agency have 
sponsored on the collection of stratospheric radioactivity through 
balloon-borne and aircraft samplers or on the in situ measurement of 
stratospheric radioactivity by balloon-borne y-counters, have shown 
that equatorial crossover does occur and that, in general, gross movement 
in the stratosphere in a north-south direction appears to be primarily 
by a diffusion mechanism rather than by an organized meridional cir- 
culation. 

It is unfortunate that the extensive nuclear test programs carried out 
in 1961-1962 prevented a contimuation of this study. Verification of the 
present conclusions by observations during the coming years free of 
large-scale atmospheric testing is certainly indicated, because of the 
perverse and often inconsistent nature of atmospheric processes. 
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SALT TRANSPORT ACROSS CELL 
MEMBRANES* 


By STERLING B. HENDRICKS 


ETEROGENEITY is universal among organisms. The ‘cell has an in- 

tegrity of its parts and retains even small molecules while interchang- 
ing others between the parts and the surroundings. The parts, and the cells 
themselves, are set off by walls or thin membranes having an inside, an out- 
side, and some manner of permeation. [am concerned with the permeation, 
or membrane transport, for salts. 

Many cells select between ions as closely similar as Nat and Kt, or 
even K+ and Rbt. They can establish salt concentrations in excess of 
the ambient solutions; for instance, in the gastric secretion in the 
stomach mucosa and in cells of fresh-water algae. The process of ionic 
exchange plays a part in the action of biological transducers, like mus- 
cles and nerves, where one type of action is transformed to another; 
chemical to mechanical or chemical to electrical in these instances. 

I work with the dependence of plant growth on soils, features of which 
are the transport of water and accumulation of salts by the root from the 
dilute solutions in the soil. Accumulation by the root is a determinative 
factor in the fertility of soils, the use of fertilizers and lime, and the 
effects of excess salts in saline waters on plant growth. A comparative ap- 
proach has been followed in the study of these phenomena. It leads to 
two questions: Does salt absorption by roots in soil resemble transport 
through the skin of a frog in a pond? What are the similitudes in all salt 
transport? 

An approach to the second question, which includes the first one as a 
special case, is the purpose of this article. But I hesitate, knowing that 
salt transport in plants is technically involved, as also are the methods of 
physiology. Someone familiar through long experience with muscle 
fibers or red blood cells might fall into simple traps about plants. The 
hazards in the reverse direction are no less real, nor is the necessity of 
dealing with both physical and chemical phenomena of transport. Never- 
theless, the effort is worth the candle. r 


Properties of Water and of Uncharged Holes 


A property of all membranes across which salt transfer can occur is 
permeability to water. This is a first and simplest indication that the 
extensive material of the membranes is either pervious or broken at 
intervals by channels or holes containing water. The passage of water is 

* A Sigma Xi-RESA National Lecture 1963-1964. 
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greatly restricted, which implies that channels if present are a minor 
part of the entire surface and have a resistance to flow. This implies 
cross sections of the holes approaching atomic dimensions, imparting 
sieve-like properties to the living membranes. The membranes can be 
used as osmometers allowing waterflow while preventing transport of 
solutes. In fact, the membrane used by Abbé Nollét in 1748 in the first 
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Fie. 1. Schematic pattern of holes in an artficial membrane. 


$ 


experiments on osmosis was an animal bladder separating a solution of 
alcohol in water from water, with resultant slow dilution of the solution. 
The holes in the bladder must have cross sections of the order of the 
dimensions of ethanol. Properties of holes are the starting point of a com- 
parative approach to salt transport without commitment about a possi- 
ble transmitting extensive phase. 

Three properties of holes are cross section, length, and tortuosity. 
These properties are well displayed by artificial membranes made from 
collodion. The solutions of cellulose nitrate in a volatile solvent are 
spread in thin layers and allowed to evaporate. A brush pile-like array of 
fibrils remains with holes of various sizes (Fig. 1). Permeabilities of these 
collodion membranes for some nonelectrolytes in water solution were 


measured after both drying in air and swelling in alcohol, with the 
following results (Collander, 1926): 
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Molecular 
; refractivity 
for 8778 A as Relative permeability 
a measure of dried swollen 
Substance molecular size membrane membrane 
Ammonia 5.8 25.0 100 
Fermic acid 8.6 7.3 86 
Ethanol 12.8 1.6 
Lactic acid 19.2 0.2 30 
Sucrose 70.3 0.0 1.6 


The permeability depends upon the molecular size, or conversely 
upon the dimensions of the holes and the distribution of their cross 
sections. The minimum cross sections of excluded sucrose molecules are 
about 8 X 10 A, and ammonia, which is readily admitted, is about 3 A in 
diameter. The currently developed dextrans used in protein and other 
molecular separations, which are cross linked chains’of glucose groups in 
a space array, available under the tradename Sephadex, also illustrate 
the sieving properties of holes. 





CONCENTRATED i DILUTE. 


Fra. 2. Possible pattern for distribution of ions at two concentrations in membrane 
holes with charged walls (after Soliner, 1958). 


Properties of holes include the properties of their walls. Collodion 
walls can be charged by incorporation of polymeric ions or by introduc- 
tion of carboxylic groups through oxidation with nitric acid. Other poly- 
mers containing cationic and anionic groups are important as mem- 
branes and porous solids in bulk. The ionizable groups in the walls of the 
holes have specific properties toward salt solutions. The holes in natural 
membranes appear to be similar in type, with both cations and anions 
in the walls. 

The basic principles of charged holes have been closely studied. 
I paraphrase the treatment of Dr. Karl Sollner (Sollner, 1958), as well 
as draw upon my own knowledge of ionic exchange. Ions in walls must 
have ions of matching charges in the holes leading to the distribution 
of the types shown in Figure 2. The number of positive and negative 
charges, including the ones in the walls, must be equal. Ions similar in 
charge to the ones in the walls are repelled and, if the cross sections of the 
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holes are sufficiently small, they are virtually excluded. In this circum- 
stance, the number of charges in the holes, and counter ions, are equal 
to the charge in the wall or the number of ions are equal if they both 
are singly charged. If transport from one side to the other takes place, 
only the counter ions can move and the membrane will have selective 
permeability for them; thus K+ might be transported and Cl~ ex- 
cluded. The distance between the ions in the larger holes depends on the 
concentration of the solution, Figure 2, decreasing as the concentration 
increases. 


Properties of Charged Holes 


Electrical phenomena, are associated with membranes. If salt solutions 
of different concentrations are on the two sides of the membrane, they 
will be in contact in the holes and a potential will be established in the 
contact region because of differences in mobilities of the migrating ions. 
This potential, Æ, is 

T} ~ 7. RT a;* 
Tere F ae 





in which 7’s are transference numbers in the membrane and a’s are 
salt activities in the two solutions. If the holes are small enough to 
allow only the oppositely charged counter ions to pass, then either 
Tą Or r_ is zero and r} — r_/t, + ris +1 or —1. In this extreme Æ 
becomes 





which is an equation derived by Nernst, familiar as the equation for 
measuring H+ activity when an electrode reversible to H+ is used. 

Measurement at 25.00° on collodion membranes (Sollner, 1958) con- 
taining sulfonated polystyrene in the acid form illustrates these mem- 
brane properties: 


Avg rate 

| of osmotic 

Cation Avg resist water move- 
exchange Water in 0.1 M Avg potential ment with 
capacity, conlent, KCL, 0.4/0.2 M 0.2 M sucrose 
meq/cm? % Q/em* KCl, mo mm /h/100 em? 

0.32 5.6 2030 15.45 8:4 

0.50 5.7 435 15.48 13.7 

0.69 7.0 54.5 15.32 57 

1.14 10.3 26.3 15.09 190 

3.20 26.8 18.5 13.9 2000 


The theoretical potential calculated from the Nernst equation for 0.4 
M KCl on one side of the membranes and 0.2 M on the other, as used 
under the measuring conditions, is 15.95 millivolts. The theoretical value 
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is approached if the holes are restricted in cross section as shown by the 
lower water content, exchange capacity, and rate of osmotic water move- 
ment, and the higher resistance per unit area. The potential decreases, as 
shown in the last row, when the holes are quite large, which is reflected 
in rapad osmotic water movement. The potential across a given mem- 
brane in the preceding series depends on the concentrations of the 
solutions and decreases when these are sufficiently great, for the reasons 
illustrated’ in Figure 2. 

The particular membranes permit transport of cations, K+, but not 
anions, Cl~, and thus have selective permeability. But they do not 
differentiate particularly between K+ and Nat. Such differentiation 
involves another principle determining the properties of charged holes. 
It has to do with differences between ions of the same charge, Nat, Kt, 
or Cl-, Br~, or ions of like charge, K+, Catt, or Cl~, 80377. A counter 
ion migrating through a hole in a membrane of selective permeability 
has to pass along from one ion in the wall to another. There isa force, ap- 
_ proximately the electrostatic attraction, between each of the ion pairs 
and this must, in part, be overcome for transport to take place. Looked 
at in another way, there is a potential barrier between each wall site for a 
migrating ion. The transport will be limited both by the specificity with 
which a counter ion is held by each wall charge and by the height of the 
potential barrier. These can be controlled in artificial membranes. 

Various kinds of anionic or cationic groups can be incorporated into the 
artificial membrane and appear on the walls of the hole. These groups, 
in general, will have different interactions with counter ions. More of one 
than another of two competing ions will be present as counter ions in 
contact with a solution having equal activities of the two ions. The 
differences, in general, are not great and the favorable factor at one 
ionic position might be only 1.414 fold, as an example. If the holes are 
sufficiently restricted in cross section, however, one ion can only ex- 
change with another down the length of the hole. Under this condition 
the favorable factor is enhanced by (1.414)” where n is the number of 
exchanges. If n is 20, which is not unreasonable, the favorable factor is 
(1.414)? or 1024. This enhancement can only be attained when transport 
is occurring—that is, dynamically. 

If two salts, AtC~ and BtC~, are separated by a membrane perme- 
able to A+ and B+ but impermeable to C~, thus 

Cation permeable 


AtC~ selective B+C- 
membrane 


a potential will be established given by 


RT Tat Gat 


ienaat 


F Tht dpt 


In this equation, 7’s are transference numbers in the membrane and a’s 
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are activities (Michaelis, 1929). A similar equation with a negative sign 
holds for anions across an anion-selective membrane. Protoamine col- 
lodion membranes, which are anion-selective, give values of E = —46.2 
mv for 0.025 M NaCl/0.025 M Na acetate, corresponding to rc1-/Tacetate— 
= 0.165 (Sollner, 1958). Membranes, or porous solids of this general 
type, are coming into wide use for selective separation of salts.*Their 
properties are strikingly similar to those of natural membranes. 

Osmosis and the Donnan equilibrium (Donnan, 1911) are other 
phenomena associated with membranes across which water can diffuse 
but transport of solutes is hindered. If there is a difference of numbers of 
molecules on two sides of a membrane permeable to water but im- 
permeable to solute, the water will move toward equilibrium or, con- 
versely, a pressure will exist at any moment on the side with the greatest 
amount of solute relative to that with the least. If the containing volumes 
are free to change as water is transported, swelling or shrinking will take 
place and the result is breakage, or plasmolysis, in the limit for natural 
membranes. Animal cells, in general, approach isotonicity with respect 
to the ambient solution. If they cannot adjust solute content as quickly 
as water content, they break upon dilution of their ambient media. 
Plant cells, animal epithelia, and most free-living unicellular forms have 
strong walls that resist outward pressures and thus do not change volume 
appreciably even when these pressures are large. 

Donnan equilibria arise if both small diffusible and large nondiffusible 
ions are present. The counter ions are restricted to the neighborhood of 
the nondiffusible ions and the remainder of the salt diffuses to equilibrium. 
A positive osmotic pressure is produced on the side of the greatest non- 
diffusible ion concentration, which must be under hydrostatic pressure 
with a difference in potential having the same sign as the nondiffusible ion. 

The distribution is 


2c;7 = Vn? + 4e? + ne 
If the external salt concentration, co, is low compared with that of the 
nondiffusible ion, n, the inside ion concentration co approaches zero. 


When co is comparatively large, c; can be an appreciable fraction of no 
which it approaches as a limit for n equal to zero. 


An Aspect of Irreversible Thermodynamics 


The general equations for transport and equilibration of salts across 
membranes with holes can be formulated by principles of irreversible 
thermodynamics. The irreversibility arises from entropy mecreases or 
free-energy changes taking place in the membrane in a nonreversible way. 
The total volume flow through the membrane, J,, and solute flow, J s are 


Ja = Lp Ap + Lpp Ar 
Js = LppAp + Lp'Ar 
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where Ap and Az are the pressure and osmotic pressure differences and 
L, and Lp are the mechanical coefficient of filtration and a diffusion co- 
efficient, respectively. The cross coefficient Lyp is the volume flow due 
to unit osmotic pressure when Ap = 0 and the solute flow when Ar = 0. 
In coarse membranes, neither osmotic flow nor filtration takes place, so 


Lpo =*0. If the membrane is an ideal semipermeable one, Lpp = — Lp = 
— Lp. The ratio Lpp to L, has been called the reflection coefficient, o 
. g = Zi 


p 


where o is between 0 and 1. The coefficients L can best be interpreted in 
terms of frictional forces and, when this is done, the reflection coefficient 
g can be expressed as 


s=1 2. P 
L» Do 
with 
„Be 
°= REAL 


where ¢ is the fractional area of the holes, Ag the thickness of the mem- 
brane, 7, is the partial molal volume of the solute, L, is the volume flow 
when concentrations are equal on the two sides, and D and D® are 
diffusion coefficients for the solute in the hole and the free solution, re- 
spectively (Katchalsky, 1961). With charged holes the equation for 
g becomes 

oe eee w ds HAT 4 

Lp gc 

where fsx is a frictional coefficient given by Psy = —fem Ws — Dy), F 
being the frictional force between a mole of salute and the surrounding 
water. 

The value of ¢ has been measured for two unicellular algae (Dainty, 
1961) and for erythrocytes (Solomon, 1961). In the algae, o has values 
near 0.3 for passage of methanol, ethanol, and isopropanol, indicating 
that the last term in the equation is an appreciable fraction of 1.0, be- 
cause of few, arising from interaction of water and the alcohol in the holes, 
the existence of which in the membrane is supported. The value of e 
obtained with erythrocytes was reduced to an equivalent pore radius 
and found to be 4.2 A, which is about the radius of an hydrated Na* ion. 
A larger value, 5.6 A, was obtained with Necterus kidney slices where the 
pores were radon imntly those of proximal tubule cells (Whittembury, 
et al., 1960). 


Natural Membranes 


Natural membranes display all the properties of artificial ones. In 
general, however, they are much thinner, being supported by the turgor 
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pressure of enclosed liquids. Their continuous phases are more permeable 
to nonelectrolytes and might be less impervious to ionic compounds. 
The continuous phases of natural membranes contain proteins, nucleic 
acids, polysaccharides, and lipids as predominant components. The first 
three, as polymers of high molecular weight, form a thin framework 
of considerable rigidity. The proteins, which are mostly insolublé, are in 
part lipoproteins and are conjugated to some extent with carbohydrates. 
They have a number of enzymatic activities, the ones to which most 
attention has been devoted being phosphotases, including ones catalyz- 
ing hydrolysis of adenosine triphosphate, and dehydrogenases such as 
triose phosphate dehydrogenase. The membranes of mitochondria are of 
particular interest as carriers of the electron transport system with which 
oxidative phosphorylation is coupled. 

The lipids form about 10 to 25 per cent of the membrane constitutents 
and impart the essential lack of permeability to ionic substances. They 
are chiefly glycerol esters containing two fatty acid residues and one 
phosphate group which is also esterfied with the bases choline or ethanol- 
amine (Frazer, 1963). These phospholipids account for more than 75 per 
cent of the total lipid, other components of which are various sterols. 
The predominant esterifying fatty acids contain 14 to 18 carbon atoms 
and more than 50 per cent are unsaturated. It is pertinent to note that 
the resistance to evaporation of water caused by a surface monolayer of 
fatty acid is greatly reduced by small amounts of unsaturated fatty 
acids which produce flaws in an otherwise regular array (La Mer, 1962). 
These unsaturated compounds also greatly enhance water transport 
across root cell membranes (Kuiper, 1964). The lipids of stroma of hu- 
man erythocytes (Prankerd, 1961) and mitochondrial walls (Green and 
Fleischer, 1963) illustrate detailed studies. . 

Electron micrographs (Fig. 3) show stained membranes as thin films 
that almost always appear to be double layers (Harris, 1960). Many 
pictures have been drawn on a molecular scale of the protein and lipid 
distribution in these layers. The proteins are the more hydrophilic of the 
two because of their polar and ionic groups. For this reason they are often 
considered to be on the outside of both layers (Green and Fleischer, 
1963). The non-polar side chains of the protein, the hydrocarbon parts of 
the constituent amino acids, are thought to face inward and to associate 
with the long chain fatty acid parts of the lipids. A diversity of pattern 
is conceived for the arrangement of the lipid but a general feature is a 
smetic or two-dimensionally ordered array (Danielli and Davson, 1935) 
leading to an observable birefrigence. Some of the ionic groups must be 
buried in the water-repellant part of the film. A double membrane of 
this type is sketched on a molecular scale in Figure 4. 

Double membranes form in lipid water systems and are seen on a miero- 
scopic scale in ternary systems consisting of soap-water-amphiphile, the 
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last being a substance such as a sterol with a polar group and a con- 
siderable hydrocarbon part (Lawrence, 1958). A manner in which 
holes might form in a protein lipid membrane is shown in Figure 4 
(Wolman and Wiener, 1963). The sodium salt of the lipid form from mye- 
lin of a nerve sheath forms a hydrophilic exterior, with the formation 
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Fig. 3. An electron micrograph of a segment of a human red blood cell membrane 
fixed with KMnO, and sectioned transversely (350,000) (courtesy J. D. Robert- 
son). 


of resultant water channels through the membrane. Calcium salts of the 
membrane components, on the other hand, maintain lipid soluble proper- 
ties and thus tend to preserve the double film (Clowes, 1916). In any case, 
transport across living membranes is markedly changed by Mg++ and 
Cat+ as contrasted with Na+ and K+. The property of modification is 
an important distinction between the natural and artificial membranes. 
The lipid-protein continuous phase is permeable to some nonpolar 
substances somewhat soluble in both water and lipid. Among these are 
alcohols and other oxygen-containing nonionic compounds. Organic car- 
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boxylic acids such as acetic, succinic, and malonic are representative. 
These are taken up by plant cells under acid conditions where the un- 
dissociated acid is predominant. Usually, when they are to serve as 
substrates or inhibitors of cell metabolism they must be supplied in acid 
solution, that is, unionized, to enter the cells. 
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Fia. 4. Possible effects of Nat and Ca++ on lipid-protein membranes (after Wolman 
and Wiener, 1963, courtesy M. Wolman and Nature, London). 


Reactions can take place in both natural and artificial membranes. 
While they are restricted to the holes in the latter, both the ions of the 
hole walls and components or enzymes in the extensive lipid-protein phase 
can be involved in the natural membranes. Salt accumulation against an 
electrochemical potential difference must use the free-energy change in 
these reactions to accomplish the increased electrochemical potential of 
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the salt. Ionic selectivity is also a dynamic result, depending im artificial 
membranes upon prior exchange with ions other than the one in question 
and in natural membranes on acid-producing reactions. The selectivity 
alone, however, cannot lead to accumulation against the electrochemical 
potential. The types of reactions and concepts about their manners of 
coupling will be discussed under the several biological examples of salt 
transport. 

A general technique has greatly facilitated measurement of salt trans- 
port. This is radioactive tracing which was first described in 1923 by 
Hevesy (Hevesy, 1923) in an article entitled “The absorption and trans- 
location of lead by plants: A contribution to the application of the 
method of radioactive indicators in the investigation of changes of sub- 
stances In plants.” Hevesy used thorium B, a natural isotope of lead 
(Pb?!?) with a half-life of 10.6 hours, to follow the absorption and dis- 
tribution of lead m bean plants growing in solutions of various con-’ 
centrations. With a suitable tracer, the amount of transfer per unit time 
can be measured in either direction through a membrane. Intervals of a 
few minutes are widely used for measurement, but these can be reduced 
to seconds. Some widely used isotopes, with their half-lives, are: Na”? 
(2.6 years), Na? (14.8 hours), K*? (12.4 hours), K*? (22.4 hours), Rb* 
(19.5 days), Br®? (34 hours), Cl (4.4 X 105 years), and P** (14.3 days). 

Salt transport is studied in a great variety of objects, some of which 
are: 


Animal 

Oxyntic cells of stomach mucosa 

Nerve axons 

Microvilli of intestines 

Kidney nephrons 

Muscle fibers 

Epithelium, skin of amphibians and bladder of toads 

Erythrocytes, single cells 

Salivary glands 

Salt glands of birds 

Mitochondria separated from heart muscle or liver 
Plant 

Roots of seed plants 

Yeast, single cells 

Bacteria, single cells 

Algae, single cells 

Salt glands of leaves 

Mitochondria separated from roots 


Most attention has been devoted to transport of Nat, K+, and Cl-. 
Often, however, H+ is involved, either as such or as HCO;~. Less atten- 
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tion is turned to Catt and Mg++ except as they modify membrane 
properties. A special place is accorded the role of phosphate reactions in 
providing the free energy of transport, but neither its transport nor that 
of sulfate has been extensively studied. 

I will deal chiefly with erythrocytes, frog skin, plant roots, and yeast 
cells as objects and Nat, K+, H+, Cl-, and HPO;—~ as ions. My experi- 
ence is restricted to plant roots and yeast cells, but erythrocytes and frog 
skin better illustrate some of the principles involved in salt transport. 
General treatments of the animal membrane are to be found in several 
current books and reviews (Prankerd, 1961; Harris, 1960; Ussing, 1960; 
and Glynn, 1957). 


Salt Transport of Erythrocytes 


The red cells in mammals are unnucleated cells without mitochrondria 
which function as carriers of oxygen through their content of hemo- 
globin. Their most striking feature of salt transport is change of K+, Nat 
concentrations in the cell solution relative to the plasma, thus: 


ALKALI AND CHLORIDE CONCENTRATIONS IN ERYTHROCYTES AND PLASMA 


Nat 
Nat Cell 
Plasma, Solution, 

Species K+ meq/L cl- K+ meg/L CV Reference 
Man 5 155 112 136 19 78 Bernstein, 1954 
Cat 5 158 112 8 142 84 Bernstein, 1954 
Sheep 5 160 115 64 16 (78) Bernstein, 1954 

18 84 Kerr, 1937 


The deficiency in equivalents between K+ + Nat, and Cl~is about 
half accounted for by HCO; in plasma and one third in the cell solutions. 
The remaining negative ions are chiefly nondiffusible proteins, which are 
greater m the cell resulting In a negative potential. Observed osmotic 
pressures are near zero while the ones calculated on the basis of the 1onic 
concentrations are positive from within. 

Water movement in response to osmotic pressure differences is very 
rapid and probably arises from transport through holes. The generally 
accorded view for Na+ and K+ transport involves both passive diffusion 
through the membrane and Nat transport outward, with accompanying 
K+ inward at some point, against an electrochemical potential gradient. 
External K+ is required for outward movement of Nat (Harris and 
Maizels, 1951). Chloride ion distributes to maintain neutrality, with a 
half time of 0.24 seconds for exchange. Transport of Nat and K+ is much 
slower, beng Nat 3.1 m M Nat/liter cells/hour and 2.1 m M IC +/liter 
cells/hour (Solomon, 1960), corresponding to half times of several days 
for exchange. This suggests that holes have immobile cations in the walls, 


318 AMERICAN SCIENTIST 


which facilitate passage of negative ions. A positive wall is unexpected, 
but might arise from choline or ethanolamine groups of the phospholipids 
which are possibly broken as zwitter ions at pH 7.2 (Glynn, 1957). 

Transport of Na+ in the erythrocyte clearly poses the question: What 
is the source of entropy for differentiation of Na+ from K+? What is the 
nature of the transducer? The entropy decrease is metabolically derived, 
for lowering the temperature toward zero, to reduce the metabolic rate, 
causes the ionic composition of the cellular solution to change markedly 
toward that ‘of the plasma. Glycolysis is known to occur both through 
fructose-6-phosphate and ribulose-5-phosphate with lactate as an end 
product, but the tricarboxylic acid cycle and the respiratory chain for 
electron transfer to oxygen are lacking. The chief free-energy decrease 
reactions are conversion of 1,3-diphosphoglycerate to 3-phosphoglycerate 
and phospho-enol pyruvate to pyruvate, both leading to formation of 
adenosine triphosphate (ATP) to serve in energy transfer. The order of 
70 per cent of the phosphate is present as 2,3-diphosphoglycerate and 
ATP is about 20 per cent (Bartlett, 1959). The controlling step in glycoly- 
sis appears to be utilization of 1,3-diphosphoglycerate from which the 2,3 
compound is an off-shoot (Gerlach, et al., 1958). 

Attractive hypotheses held for energy coupling are that active trans- 
port utilizes energy changes associated with reactions of 1,3-diphospho- 
glycerate, Including formation of ATP or its hydrolysis. The last has 
received correlative support and is widely upheld. The only other hypoth- 
esis to receive support is for energy to be derived from hydrolysis of the 
lipid a phosphatidic acid in the membrane (Hokin, et al., 1963). 

The evidence for an ATPase first came from observations on a pe- 
ripheral nerve of a crab (Skou, 1960). The enzyme in nerve homogenates 
requires Mg++, Nat, and K+ for maximum activity with the suggested 
reactions: 


Enzyme (E) + ATP + 2Mgtt + nNat + mKt = 


mK + mK + 
E Mg ATP 2 E ~ P + 2Mg* + ADP 
nNat nNat 

mK + 

ze a P —> E + inorganic phosphate (P;) + nNat + nK+ 

nNa 


The last reaction is inhibited by strophanthin (and ouabain), a cardiac- 
active glycoside. When Mg++ and Nat are present, K+ activates and 
then inhibits the enzyme (Fig. 5) as the concentration is increased, finally 
producing the activity of Mgt* alone which is not inhibited by strophan- 
thin. Active alkali transport in the erythrocyte is inhibited by 10 g/ml 
of cardiac glycoside (Schatzman, 1958). 

A Mgt+, Nat, K+ activated ATPase activity was found in homo- 
genates of human erythrocyte membranes (Post, et al., 1960; Post and 
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Albright, 1961). The concentration for half maximal effects of Nat, Kt, 
NH,* and ouabain are the same for transport of intact erythrocytes and 
enhanceable ATPase activity of broken membranes, but the total activa- 
tion is not great. Similar ATPase activity has now been shown for mem- 
branes of cells from nerves, liver, intestine, heart muscle, brain, and 
kidney. An asymmetry has been reported in the activation of the 
ATPase, with Nat being more effective on the inside and K+ on the 
outside of the erythrocyte membrane (Whittam, 1962). Such asymmetry 
is suggestive of a way in which Nat and K+ could be transported in 
opposite directions. 

Specie and genetic differences for Na+ and K+ distributions between 
plasma and erythrocytes are very evident in cat, contrasted with man 
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Fig. §. Activation of crab nerves ATPase by Mgtt, Nat, and Kt (after Skou, 
1960). 


(note the preceding table). The cellular contents in the cat approach 
those of the plasma except as modified by protein content, suggesting 
that the membrane lacks specificity for transport. This could arise 
through holes being adequate for transport of all ions (Fig. 2) at a rate 
appreciably greater than for an energy-coupled exchange. Erythrocytes 
of sheep are of particular interest in being of both types, depending upon 
genetics, without reaching the extreme ratio between man and cat. In 
bladder and kidney tissue, hormonal control of water and salt transport 
also appear to be on hole size. 


Salt Transport Across Frog Skin 


The skin is important in the water balance and salt accumulation of 
amphibians. Transport also takes place across the bladders of toads, and 
other salientia, used as storage organs. These epithelial membranes are 
particularly suitable for studies of electrical changes accompanying the 
transport, in that they can be obtained as sheets and used to separate 
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solutions of different concentrations. They resemble erythrocytes in 
having high specificity for differentiating between Na+ and K+ while 
allowing chloride distribution. They differ, however, in the virtual ex- 
clusion of K+ transport across the external surface, in their source of 
metabolic energy, and in their cellular complexity. Chloride-depleted 
frogs cah take up NaCl from solutions as dilute as 10— molar and trans- 
port it to the plasma where the concentration is 0.1 molar (Krogh, 1937) 

If an lonig species passes through a membrane without interacting with 
other moving particles in the flux (f) the ratio is 


RT ln fi/fo = Bo — fis 
and 
fi/fo = (ao/ax) (exp FE /RT) (Teorell, 1949) 


where Fo and ji; are the inside and outside electrochemical potentials, 
and a and a, are the activities of the ion. When the flux ratios for CH- 
are measured with Cl* across a frog skin, the above equation is satisfied, 
indicative of Cl~ distribution according to the electrochemical potential 
gradient, that is, passively toward the positive inside of the membrane. 
The Na+ ions, on the other hand, move against both the electropotential 
and the concentration gradient. The Na+ flux, accordingly, must be 
coupled with a free energy source. 

If the potential across the frog skin is adjusted to zero by an opposing 
voltage, and the Na+ and Cl~ concentration in Ringer solutions are equal 
on the two sides, NaCl moves across the membrane and the amount 
transported is equal to the number of coulombs flowing. The Nat ap- 
pears to be actively transported and passively accompanied by the Cl- 
to preserve electrical neutrality (Ussing, 1960). How closely does this 
transport resemble that of erythrocytes? The difference is in K+ move- 
ment, which is absent across the entire skin even when the outside K+ 
concentration is half that of Na+. The active Nat transport is very low, 
however, if a K+ free inner solution is used (Huf and Wills, 1953). The 
frog skin in contact with 50,7- instead of Cl~ containing solutions, or 
when poisoned with Cut++, which prevents transport of Cl-, acts as a 
sodium-reversible electrode with respect to Na+ in the external solution, 
and as a K+ electrode with K+ in the inner solution (oefoed-Johnsen 
and Ussing, 1958). The frog skin is a complex array of cells and the poten- 
tial difference is a sum of several components. When the skin is probed 
with microelectrodes several potential levels are evident (Engbaek and 
Hoshiko, 1957). 

These findings with regard to potentials across the frog skin are in 
accord with a model suggested by Koefoed-Johnsen and Ussing (1958) 
(Fig. 6). According to it, Nat and Cl- passively diffuse through an outer 
membrane of an epithelial cell. At the inner membrane, an actively driven 
exchange of Nat to the inside and K+ from the inside takes place as in 
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the erythrocyte. The K+ ion passively diffuses back from the epithelial 
cell to the inner fluid, establishing a steady state. In this regard, a dis- 
tinctive feature of the frog skin is the impermeable nature of the outer 
membrane to K+ while being permeable to Na+. The potential across the 
skin is considered to be the sum of a Na+ diffusion potential at the outer 
and of K+ at the inner membrane. ° 

This attractive model is brought under question by observations 
on the closely similar toad bladder (Essig and Leaf, 1963). The es- 
sential facts shown by the frog skin are displayed by the toad bladder. 
When Na? is replaced by choline+ on the side from which the transport 







OUTSIDE INSIDE 





Na? 


Fic. 6. A concept for transport of NaCl across an epithelial cell of a frog skin (after 
Koefoed-Johnsen and Ussing, 1958). l 


takes place (the inside or urinary side of the bladder), however, the 
exchange of K+ into the cells of the membrane as measured with K4? 
is unaffected even though the Nat transport is decreased by 85 per 
cent. In other words, the exchange across the particular membrane 
does not appear to be one of Nat for K+. Rather, the absence of IX+ 
on the outside of the bladder affects the Nat transport at the limiting 
membrane. Again, the essential question is in the high degree of dif- 
ferentiation between Nat and K+ transport by this membrane. Frazier 
and Leaf (1963) state ‘...that the serosal potential step arises from 
the operation of an ‘electrogenic’ sodium pump at this surface of the 
cell, the pump causing the transfer of a sodium ion from the cell in- 
terior to the serosal medium without a simultaneous and obligate 
transfer of an ion in the same direction or a different cation species in 
the opposite direction as an integral part of the transport step.” Electron 
transport to oxygen in the respiratory chain is “electrogenic.” 

The Nat transport of the frog skin is dependent upon oxygen supply 
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but only slowly drops to zero under anaerobiosis. The oxygen consump- 
tion of the frog skin membrane decreases in the absence of Nat in the 
external solution (Zerahn, 1956) and, if the change alone is considered 
as involved, about four to five Nat are transported per oxygen mole- 
cule consumed (Leaf and Renshaw, 1957). Sodium ion transport is 
inhibited by low concentration of 2,4-dinitrophenol, apparently through 
uncoupling of oxidative phosphorylation of the respiratory chain. 
The cardiac glycoside strophanthin, too, is effective as an inhibitor 
as also are bromoacetamide and other inhibitors of triosephosphate 
dehydrogenase action in glycolysis. The coupling to free energy change 
associated with ATP formation is supported and the strophanthin 
inhibition 1s suggestive of hydrolysis of ATP being involved. The results 
obtained with inhibitors, however, are not very restrictive but rather 
illustrate the difficulty of establishing a specific reaction as affording 
an energy coupling in contrast to energy supply becoming generally 
rate-limiting. 


Salt Transport in Yeast 


Rejuvenation of apparently settled questions as for salt transport 
across salientia epithelial membranes 1s also the situation with cells of 
Baker’s yeast. Salt transport m these cells has the apparently inviting 
simplicity of the erythrocyte for establishing the essential facts (Roth- 
stein, 1956). The cells live and multiply both aerobically and anaero- 
bically, depending in the one condition on oxidative phosphorylation 
coupled with electron transfer to oxygen as well as glycolysis, and in the 
other to glycolysis. Salt transport inyeast has been interpreted as showing 
some of the metabolically linked Na+, K* exchange features of erythro- 
cytes and the H+ transport of the oxnytic cells of the stomach mucosa 
(Conway, 1954). 

When yeast cells are placed in KCI solutions containing several per 
cent glucose, they take up K+ and the medium becomes acid. The process, 
whatever its nature, is one in which conservation of charge is effected by 
exchange of K+ and H+, the H+ being metabolically generated (Conway 
and O'Malley, 1946). If yeast is first grown in the presence of sodium 
citrate, which results m cells having high sodium ion content, and then 
placed in KCl solution, an exchange of K+ and Nat takes place (Conway, 
1954). The initial rates of these exchange processes are inhibited by 2,4- 
dinitrophenol and, in the case of K+, Na+, by anaerobiosis. These effects 
of inhibitors seemingly indicate a predominantly aerobic process for 
rates of Nat, K+ exchange, but they really arise from changes in perme- 
ability and in generation of acid. 

The impression was held that alkali ion uptake by yeast requires 
glucose except possibly in the presence of citrate which is not utilized. 
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The uptake rate of Rb+ at pH 9 was observed, however, to be the same 
for yeast in the presence of glucose, after citrate incubation, and after 
starving and washing with 0.001 N HCI (Leggett, et al., 1962) thus 


Uptake in 10-9 moles/mg/min 





(RbCH l Starved Glucose Sodium Citrate 
Molar HCl Washed Incubation Incubation 

į X 107? 9.0 9.5 9.8 

1x 1073 TT. 7.4 -@.7 

1 X 1074 5.3 4.7 5.3 

1 X 107% 1.3 0.9 1.2 


The common feature of the several procedures is removal of calcium, 
Calcium salts at 10~* molar inhibited the initial rate of uptake of acid- 
washed yeast by about 90 per cent, but do not alter the final equilibrium. 
These and other findings suggested that the previous observations on. 
yeast had been affected to various degrees by Cat* concentration as an 
uncontrolled variable and failure to approach equilibrium. Measurements 
on acid-washed yeast show that Rb+ uptake strictly follows an exchange 
process with H+ (Leggett, et al., 1962). Sodium yeast could as readily be 
prepared by washing several times with 10-2 molar NaCl or sodium ci- 
trate solutions instead of incubating in the presence of citrate. 

Cells of all types are observed to have a volume into which ions readily 
enter and from which they can be removed by exchange. Previously, 
yeast cells were not considered to take up Cl—-. When the uptake of Cl~ 
and other anions was examined carefully, it was found that, at 107° 
molar, the nonmetabolically active ones rapidly distributed into a 
volume constituting about 70 per cent of the cellular volume (Leggett 
and Olsen, 1964), but did not exceed the solution concentration. Yeast 
cells do not differ essentially from erythrocytes in distribution of chloride 
except that they are seldom studied in low Catt solutions as concen- 
trated as 0.15 molar (plasma), They, too, might have various permeabili- 
ties for salt, depending upon the source, comparable to those displayed 
by erythrocytes of sheep. 

What is the nature of the 30 per cent of the yeast cellular volume into 
which chloride does not penetrate? It is found to retain cations incorpo- 
rated in growth against many hours of exchange or acid washing (Leggett, 
1964). The alkali ion content incorporated in growth is only re- 
moved after long growth periods, or acid washing for many days, while 
the predominant component (70 per cent space) is quickly lost. It is 
likely that the 30 per cent of the ions which are strongly held are com- 
ponents of the cell wall, mitochondria, and endothelial reticulum. 

The yeast cell appears to be, in part, a rather permeable sack through 
which (70 per cent) ions move quite readily and in which many met- 
abolic reactions take place, including glycolysis but not oxidative phos- 
phorylation. The rate of salt transport into the remaining volume is 
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very slow and its rate has not been measured because of the over- 
whelming effect of the permeable space. A compartmentalization of 
yeast of this nature is also suggested by the regulation of glucose utiliza- 
tion under aerobic and anaerobic conditions (the Pasteur effect). 


Some Features of Algae 


Salt transport into cells of large algae is considered only in similarity 
and contrast to erythrocytes and salientia epithelia. The cells are favor- 
able objects for study of Nat, K+, and Cl- transport in that electrodes 
can be inserted to follow potential and conductivity changes and the 
inner fluids can be modified if desired. The marine algae resemble the 
erythrocytes in living in a medium of high salt content, 0.6 molar near 
pH 7, and the fresh water ones are comparable with the skin of the frog. 
They effect the same striking change in Nat, K+ ratios between. cel- 
lular contents and the medium shown by the erythrocytes and the 
enhanced concentration across the frog skin. Transport of Na+ ean be 
against the electrical and the concentration gradients (Blinks, 1955; 
MacRobbie and Dainty, 1958; Hope and Walker, 1960). 

Algae differ from erythrocytes in utilizmg photosynthesis as an 
endogenous energy source rather than glucose in a medium. Their 
salt transport differs from that of frog skin in that both Nat and K+ 
move across the membrane. The membranes are polar in the sense of 
having an inside and an outside but not in the cells having differences 
between two sides as does the frog skin. The cells have membranes 
between the cytoplasm and the external medium and the internal large 
vacuole. The latter are thought to be the more limiting ones for chloride 
transport and the former for alkali ions. 


Salt Absorption by Roots of Seed Plants, Chiefly Phosphate 


Roots are the organs through which plants take up water and salts 
to be transported to the shoots. The cells are the order of 40 u in cross 
section and resemble algae in having vacuoles which occupy a con- 
siderable fraction of the volume in the older cells. Plants usually do not 
have a method of salt elimination but rather die if the soil in which they 
are growing has a high content of soluble salts. Roots are experimentally 
convenient for study of salt transport in that they can be cut from plants 
and used in aerated solutions for several hours. They have the drawback 
of being multicellular with several different types of cells. While elec- 
trodes can be inserted into individual cells, roots are much more dif- 
ficult for such use than are algae. 

Salt transport into roots is strongly dependent on oxygen consump- 
tion. A striking feature is display of H+ exchange for ambient cations. 
Roots do not show the features of Na+, K+ exchange so prominently 
displayed in the objects previously considered and, in fact, are viable 
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with normal salt transport even at vanishingly low Nat contents. They 
rather require Ca++ ions and are generally studied at salt concentrations 
of less than 107? molar. Salt accumulation in vacuoles can take place 
against concentration gradients from 10~* to more than 1072 molar. 
Most studies have been devoted to initial and steady state rates of salt 
accumulation since equilibrium is approached only after long times at 
high concentrations. Equilibrium results, however, are instructive in 
showing an eventual reversibility of the sorption process. $ 
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Fig. 7. Composition of OH- with phosphate absorption by barley roots (after 
Hagen and Hopkins, 1955). 


Attention is first turned to phosphate uptake, which was not con- 
sidered in the previous objects, because it best shows the nature of the 
energy dependence of the accumulation process, which, for phosphates, 
is generally against a very high concentration gradient. It is instructive 
to consider phosphate uptake according to the Michaelis-Menton for- 
mulation of enzyme kinetics. Phosphate (X) of outside concentration 
[X] is assumed to form an intermediate compound, EX, with a wall 
or cell constituent, #, which breaks down as follows: 


kı ks 
E + X ült EX => E’ ~~ X inside 


The rate of the process, V, is 


—V 
F = [X] Km -+ V was 
where Viner is the maximum rate of uptake at high concentrations and 
Km = (ks + ke)/k, (Epstein and Hagen, 1952; Mitchell, 1954). The 
rate of phosphate uptake by barley roots at various concentrations and 
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two pH values is shown after this formulation in Figure 7 (Hagen and 
Hopkins, 1955). A single process would give a linear dependence of 
V on V/[X]. The uptake at each pH can be resolved into two lines 
differing about tenfold in the intercept, Vinaz, on the ordinate axis. 
As the pH is increased from 4.0 to 7.0 the phosphate uptake at a given 
concentration decreases greatly but Ving, values for the two processes 
remain the same (Fig. 7). This is indicative of some type of competition 
with phosphate uptake, the competition likely being by OH~. When 
this competition is taken into account, it is seen that both HPO,” and 
HPO,- are taken into the cell, with the former far more pronounced 
at high concentrations. 

Inorganic phosphate enters into metabolism chiefly through formation 
of ATP and, in aerobic organisms, this is principally associated with 
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Fre. 8. The respiratory chain for electron transfer to oxygen (after Chance and 
Williams, 1956). 


electron transfer to oxygen through the cytochromes and other com- 
ponents of the respiratory chain. The detailed manner of this oxidative 
phosphorylation is still under discussion (Lehninger, 1962; Chance and 
Williams, 1956). It suffices here that formation of ATP takes place at 
three of the oxidation reduction steps (Fig. 8), the functioning of each 
of which is established by action of suitable inhibitors or coupling to 
various reductants (Hagen, et al., 1957). One of these is the barbiturate, 
nembutal, which prevents electron transfer from reduced diphosphopy- 
ridine nucleotide to flavoprotein. Its effect on phosphate uptake is 
shown in Figure 9, to be a decrease in the intercept on the ordinate, 
Vmax, for one of the processes. In a similar way, use of succinate and 
various inhibitors establishes another place of phosphate uptake as 
coupled to oxidation of cytochrome-b by-c. Uncouplers of oxidative 
phosphorylation such as 2,4-dinitrophenol, at 5 X 107° molar, strongly 
inhibit both of the recognized steps of phosphate uptake by barley 
roots. 
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The respiratory chain is carried by mitochondria which can be sepa- 
rated from animal or plant tissue. It appears, therefore, that the rate- 
limiting steps of phosphate uptake in barley roots take place in mito- 
chondria. This is surely not a universal phenomenon for all objects, as 
the rate-limiting step of phosphate uptake in the erythrocyte, .which 
does not have mitochondria or respiratory chains, is associated with 
ATP formation by triosephosphate dehydrogenase action. In yeast, 
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Fre. 9. Inhibition of phosphate uptake by barley roots by the barbiturate nembutal 
(after Hagen et al, 1957). 


also, the phosphate uptake is chiefly associated with triosephosphate 
dehydrogenase action, as shown by its presence under anaerobiosis and 
by the action of inhibitors, even though mitochondria are present and 
aerobically functional. A small component of aerobic phosphate uptake 
by yeast, effective at low phosphate concentrations, is associated with 
the respiratory chain. The mitochondria isolated from barley roots 
show oxidative phosphorylation, as do other mitochondria, and have the 
same properties toward inhibitors and substrates for phosphate uptake 
as do barley roots (Jackson, et al. 1962). 

It is difficult to picture the manner in which phosphate uptake by 
mitochondria could be rate-limiting for phosphate uptake from the 
external medium by barley roots. Inorganic phosphate concentrations 
in the cytoplasm around the mitochondria in living cells can greatly 
exceed that of the ambient medium and the electrical potential is 
probably negative. The conclusion is forced from this consideration that 
the mitochondria are in quite effective contact with parts of the endothel- 
ial reticulum and outer walls of the cells. They are known to be moving 
rapidly in cells and, in vacuolated plant cells, the cytoplasm is quite 
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thin. In any case, the strong aerobic dependence of salt uptake of roots 
supports oxidative phosphorylation as the source of free energy. 
Mitochondria in oxyntic cells of the stomach, kidney structures, 
membranes, and in muscle for which salt transport is a major function 
are preminent cellular constituents and are closely associated with the 
functional membranes which, by location alone, is further evidence for 
an essential part in the transport process. This association for ions 
other than*phosphate could be as a source of ATP if an ATPase action is 
basic for ionic transport across membranes. Supporting evidence is poor 
for such action in barley roots. The rate of phosphate release from 
ATP at 5 X 107-4 molar by intact roots and by fiber, cell walls, mito- 
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Fig. 10. Competition of H+ and K* absorption by barley roots (after Fried and 
Noggle, 1958). 


chondria, and microsomes is only a few per cent of the rate of K+ and 
Nat transport by the roots in 1 X 10—? molar chloride solutions. Activa- 
tion of ATPase action by K+, Nat, Mg++ and inhibition by ouabain is 
less than 20 per cent for cell walls and mitochondria. 

A component of respiration of root tissue is correlated with salt 
absorption (Lundegårdh and Burström, 1935). This component, which 
is designated as anion respiration, is apparent when salt concentration 
is increased and is sensitive to inhibition by cyanide. Study of the 
cyanide inhibition, in detail, on salt absorption indicated that 3 to 4 
moles of a uni-univalent salt are absorbed for each molecule of oxygen 
consumed (Robertson and Wilkins, 1948). Similar results were obtained 
on salt transport by isolated frog skin (Zerahn, 1956). Reported values 
of salt absorption exceeding 5 moles for each oxygen molecule probably 
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arise from measuring the salt and O: as diffusion against background 
values (Leaf and Renshaw, 1957). A decrease in oxygen consumption, 
in the absence of Nat in the bathing medium, was noted for the toad 
bladder. The toad bladder also transports NaCl under anaerobic condi- 
tions, the observed value being 1.7 Na* ion per lactate molecule formed, 
with about 20 per cent of the glycolysis being reckoned as involved. 
The transport should accordingly, be considered 8.5 Nat (Leaf, et al., 
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Fie. 11. Release of H* accompanying absorption of various salts by plant 
roots. Absorption of CaCle is accompanied by release of OH- (after Jackson and 
Adams, 1963). 


1959). Sodium ion uptake under very low oxygen pressures has also 
been observed in plant roots. 


Salt Absorption by Roots of Seed Plants. Exchange with H+ and OH- 


Roots appear to absorb anions and cations independently in exchange 
for Ht and OH- (Jacobson, et al., 1950). It is also held that the in- 
dependence is only apparent, resulting rather from compensatory in- 
volvement of H* ions and electrons arising from action of the respiratory 
chain (Burström, 1951; Lundeg&rdh, 1954). The situation is similar to 
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transport across the frog skin where NaCl apparently moves alone, but 
K+ is involved. 

Absorption of Nat, K+, and Rbt by barley roots depends on salt 
concentrations in much the manner of phosphate. All are competitively 
inhibited, however, by H+ indicative of an exchange process (Fig. 9) 
(Fried and Noggle,’1958). Absorption of Nat and Rbt is competitively 
inhibited by K+, but Na+ interacts with K+ only indirectly when pres- 
ent in very large excess. 

The rate of K+ absorption from sulfate, phosphate, and chloride 
solutions is closely the same, even though the rate of chloride absorption 
exceeds that of sulfate by 12-fold at 10-2 molar and by 100-fold at 10- 
molar. Absorption of K+ from KSO, solutions is chiefly compensated 
by transfer of H+ from the root to the solution (Fig. 11) (Jackson and 
Adams, 1963) to maintain equivalence of charge. In the case of KCl 
solutions, the H+ transfer is less because of higher transport of Cl- 
than SO,-— by the root. When base release by roots is measured for 
CaCl, where transport of Ca++ is low relative to C17, the roots are found 
to release OH. The controlling process for necessary charge balance is 
one of compensation, by H+ or OH- release, by the root as required. 
This acid base exchange is a dominant feature of salt absorption by 
higher plants rather than the Nat, K+ exchange shown by erythrocytes 
and many other membranes of animal cells. An interesting model of an 
acid base exchange system mediated by guaiacol was worked out by 
Osterhout and Stanley (1932). 


Mitochondria and Salt Transport 


Mitochondria are intensively studied as the principle energy-coupling 
system in higher organisms (Chance and Williams, 1956; Green and 
Hatefi, 1961; Lehninger, 1968; Green, 1964). They are considered here 
only with respect to salt transport which is concomitant with their 
major function (Brierley, et al., 1963). They can be separated for study 
or their action can be inferred in intact organisms. They possibly par- 
ticipate in salt transport across cellular membranes through rate- 
limiting processes in their double membranes. 

Several suggestions have been made about their manner of salt trans- 
port. One of these was by Lundeg&rdh, to quote (Lundegardh, 1945, 
1954): “Tf the cytochrome system is part of a membrane structure with 
the oxidase facing the medium and cytochrome-b facing the place of 
accumulation, conditions will be fulfilled for an active absorption of 
salts from the medium into the cell.” He considered anions to pass from 
cytochrome-a, to cytochrome-b opposite to electron flow. Green and his 
associates sought to differentiate between Mgt+t and Catt accumula- 
tion “directly by the oxidative phosphorylation system or by reactions 





SALT TRANSPORT ACROSS CELL MEMBRANES 331 


contingent on the production of ATP.” They found that oligomyacin 
which inhibits ATP formation had little effect on Cat+ accumulation 
in the presence of succinate and reasoned that the accumulation 1s 
supported by an intermediate (high energy carrier) between the oxida- 
tion-reduction site and ATP formation in oxidative phosphorylation. 
Calcium accumulation is involved (pH 7.5) (Ebashi and Lipmann, 
1963) with calcium phosphate precipitation as a sort of trapping system. 
In Mitchell’s view (Mitchell, 1961), formation of ATP or the reverse 
ATPase action, at the mitochondrial membrane is connected with an 
asymmetrical hydrolytic reaction such that OH- equilibrates inwardly 
and H+ outwardly. These concepts all have the common feature of 
ionic transport with which at least H+ is associated in an internal cy- 
cling and OH- can also play a part. At present asymmetry of transport 
is noted rather than explained. 


Résumé 


The present knowledge of salt transport across living membranes 
leaves many questions unanswered about the processes involved. 
Transport against an electrochemical potential difference leading to 
appreciably enhanced salt concentrations and differentiation between 
ions within cells is well demonstrated both for animal and plant tissues. 
The associated reactions supplying the free-energy decrease for the 
transport appear to be close to the formation or hydrolysis of adenosine 
triphosphate (ATP). Hydrolysis of ATP is considered to be important 
for membranes across which NaCl is transported or exchange of Nat 
or K* occurs. Ions of Nat, K+, and Mgt* promote the activity of 
ATPases in membranes of this type. Heart-active glycosides and ‚Ca t+ 
inhibit both the transport and the ATPase activity. Anaerobiosis is 
only slowly inhibitory on frog skin and 2,4-dinitrophenol, malonate, 
azide, and carbon monoxide have little effect on erythrocytes. 

Transport in many other membranes functioning under aerobic 
conditions is closely associated with oxidative phosphorylation. This 
transport involves H+ and OH- exchanges, does not require Nat, is 
somewhat enhanced by Catt, is not inhibited by SOQ,-7 or heart 
glycosides, but is markedly inhibited by 1 X 107-5 molar 2,4-dinitro- 
phenol and by other inhibitors of oxidative phosphorylation. Accumula- 
tion of Ca++ in mitochondria is inhibited by 1 X 10— molar oligomyacin 
indicative of a phosphate intermediate of ATP synthesis being involved. 

The difficulties of understanding the detailed manner of asymmetrical 
salt transport across membranes are still formidable. While the prop- 
erties of artificial membranes with holes are far better understood than 
are living membranes, extension of the knowledge to living systems is 
tenuous, even to the surety of holes being present. A model has been 
suggested and later revised for salt accumulation depending on two 
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membranes, one selective for anions and the other for cations, with acid 
addition as the free-energy source and a special type of mixing (Sollner, 
1955). Acid generation, including HCO;~ and formation or hydrolysis 
of ATP, is a feature of many parts of living systems closely involved in 
salt transport. The asymmetry might result from acid generation 
within the cell. Salt exchange in Baker’s yeast in which acid is formed 
internally is possibly of this type. 
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THE LACUSTRINE MICROCOSM 
RECONSIDERED 


; By G. E. HUTCHINSON 


He great intellectual fascination of limnology lies in the comparative 
Ty of a great number of systems, each having some resemblance 
to the others and also many differences. Such a point of view pre- 
supposes that each lake can in fact be treated as at least a partly isolated 
system. 

Today i I want to begin by considering two rather different ap- 
proaches implicit in such treatment, partly in the work of Birge and 
Juday during the time when they were making Lake Mendota famous 
throughout the scientific world, and partly in the earlier work of S. A. 
Forbes from whom my title is of course derived. 

Birge’s mature point of view is expressed in his concept of the heat 
budget (21, which, though derived from ideas of Forel and others, repre- 
sented a highly original and important contribution, because it first 
called attention to the lake as a natural system with an input and an 
output. This point of view has tended to underlie most of what has been 
done in lake chemistry and in the study of primary productivity during 
the past three or four decades. Such a way of thinking, in which the lake 
is considered, in the jargon of the moment, as a black box, has been 
called elsewhere [3] the holological approach. It has been extremely 
fertile, but, since water is transparent, the black box is too restrictive 
an analogy. The time has perhaps come for further development of the 
antithetical merological approach, in which we discourse on the parts of 
the system and try to build up the whole from them. This is what 
Forbes was trying to do in his classical lecture on “The Lake as a Micro- 
cosm”’ [4]. 

It is desirable to think for a moment about certain scale effects 
characterizing the lacustrine microcosm when viewed by a human 
observer. If we suppose that an organism reproduces about once every 
week for the warmer half of the year and on an average about once every 
month in the cooler half, it will have about thirty generations a year. 
This corresponds in time to about a millenium of human generations, 
and considerably longer for those of forest trees. In the case of the latter, 
we should expect in thirty generations some secular climatic change to be 
apparent. We should not expect in a tree the seeds or resting stages to 
remain viable while thirty generations passed, and in the larger animals 
no such stages exist. The year of a cladoceran or a chrysomonad, in 
both of which groups rapid reproduction may alternate with the for- 
mation of resting stages, is thus In some ways comparable to a large 
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segment of postglacial time, though in other ways the comparison either 
to several millenia, or to a year in the life of a human being or tree, is 
definitely misleading. Another peculiar scale effect is that, in passing 
from the surface to the bottom of a stratified lake in summer, we can 
easily traverse in 10-20 m. a range of physical and chemical conditions 
as great or greater than would be encountered in climbing up a hundred 
times that vertical range on a mountain. 

I would also emphasize how fantastically complicated the lacustrine 
microcosm is likely to be. There is probably no almost complete list 
of species of animals and plants available for any lake, but it would seem 
likely from the several hundred species of diatoms and of insects [5} 
known from certain lakes that a species list of the order of a thousand 
entries may be not unusual. This probably means that in the course of 
a season at least a thousand somewhat different ecological niches may 
for a time be recognizable. Most of this diversity is associated with 
the shallow marginal waters in which the bottom can form a solid sub- 
stratum for attached aquatic plants. 

Simpler situations in a lake are probably provided by the plankton, 
though it soon appears that they are not particularly simple and 
that we cannot regard the plankton, excluding the rest of the community, 
as an entirely satisfactory entity. We begin with the variously named 
and deductively respectable principle that two co-occurring organisms 
cannot form equilibrium populations in the same niche. In the phyto- 
plankton we immediately meet the paradoxical situation of an enormously 
complicated association of phototrophic species all living together under 
conditions that do not seem to permit much niche specialization. 

It is possible that the permanent and apparently almost monospecific 
Anacystis blooms recorded [6] under some conditions in tropical waters, 
notably temple tanks of South India, may represent a monospecific 
equilibrium of the kind to be expected from theory. Much more often, 
what I have elsewhere termed the paradox of the plankton intrudes 
itself. It is to be noticed that the paradox of a multispecific phototrophic 
phytoplankton only arises if we assume a closed system, providing a 
single niche, with enough time to permit the achievement of equilibrium. 
In general in a lake, we do not have a single niche system that is closed. 
The epilimnion if reasonably turbulent may approach a single niche 
system, but introductions from the littoral benthos are always possible. 
Moreover, there is no rule about the speed at which competitive ex- 
clusion excludes. As Hardin [7) has pointed out, in the theory all that is 
needed is an axiom which states that no two natural objects, or classes of 
objects, are ever exactly alike. What then happens is that under con- 
stant conditions one class, or population of reproducing objects, finally 
displaces the others. If the conditions are continually changing, the 
favored species might also change. This is what usually seems to be 
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happening, but it must not be forgotten that a multispecific system never 
in equilibrium would be expected to suffer continual random extinctions 
and, if not quite closed, random reintroductions also, and should there- 
fore drift in specific composition, probably more than is indicated by 
palaeolimnological data. 

It is possible that, in a lake, random extinction is primarily a danger 
for the rarer species which are never likely to be observed. In a square 
basin 100m. across and one meter deep we should have 10° organisms so 
common that one occurred per cubic meter, 10° of those occurring a 
thousand times more often at a rate of one per liter, and 10! of those 
with one individual in the average cubic centimeter. If we are considering 
ordinary phytoplankton organisms, the first organism would be far too 
rare ever to find by ordinary techniques even though the population 
before us numbered a million. 

I am now inclined to think that a large part of the diversity of the 
phytoplankton is in fact due to a failure ever to attain equilibrium so 
that the direction of competition is continually reversed by environ- 
mental changes, as suggested many years ago, moderated in two ways 
which insure that competitive exclusion does not continually and 
irreversibly remove bits of the association. The first moderating in- 
fluence is the speed at which exclusion occurs. In spite of the ultimate 
validity of Hardin’s axiom of inequality, Riley {sı feels that a sort of 
asymptotic approach to more or less equal adaptation is not unexpected 
in the phytoplankton. If we suppose two species S, and Se, such that 
in niche N,, S; displaces Se, and in niche Np, S: displaces S, if seasonal 
environmental changes occur, so that at first only N, and then N, 
are available. If competition went fast compared with the rate of en- 
vironmental change, Sı would be eliminated and would not be available 
for a new cycle, but if the two species were almost equally efficient over 
a wide range of environmental variables, competitive exclusion would bea 
slow process. Both species then might oscillate in varying numbers, but 
persist almost indefinitely. 

The second way of moderating the tendency to random extinction 
is the provision of resting stages, so that if S; is eliminated completely 
as an active competitor in the plankton, when N, gives place to Na, later 
next season when the reverse change occurs, resting stages of S; can 
recolonize the environment now again providing niche N,. In practice, 
any plankter that really disappears and reappears rather than becomes 
alternatively rare or very common must have some such stages. Annual 
macrophytes and many small animals also have such stages as seeds, 
eggs, pupae, and the like. Perennials, moreover, may hibernate in ways 
that take the individual out of’ competition. In the diatoms in many of 
which resting zygospores are still unknown, it is possibly relatively un- 
modified littoral or shallow water benthic individuals that are involved 
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in tiding the planktonic populations over competitively unfavorable 
conditions. In Melosira, Lund’s beautiful work t9] shows how a relatively 
heavy diatom rests on the bottom for very long periods in a more or 
less unassimilative form; here there is doubtless some special physio- 
logical adaptation, so we are halfway between a species invading the 
plankton casually with a continuous littoral population and the con- 
dition in which morphologically specialized resting stages or cysts are 
produced. One of the most remarkable results of several recent palaeo- 
limnological studies, notably Nygaard t10) on Store Gribs¢ and our 
own work on Lago di Monterosi {11}, is the fantastic variety of Chryso- 
phycean cysts recognizable in the sediments, at least, of rather soft 
water lakes. Resting stages of all sorts are of course particularly prone 
to occur in freshwater organisms, where they were doubtless developed 
primarily to promote survival under extreme physical conditions, 
notably desiccation and freezing. Once developed, they would however 
clearly be of great value in obviating extinction when conditions changed 
in favor of a competitor. It is therefore peculiar that Lund finds that 
planktonic desmids tend to lose such stages. 

The diversity of the phytoplankton is clearly of primary importance 
in producing that of the zooplankton. Given the diversity of the phyto- 
plankton, and some degree of food specificity in the animal forms, no 
striking paradoxical situation need arise. Moreover, it is clear from all 
the available work on the seasonal succession of closely allied forms, 
such as the species of Daphnia, from Birge’s [12] early studies on Mendota 
up to the very beautiful and elaborate investigations of Dr. J. L. Brooks 
and of Dr. Donald W. Tappa at Yale, shortly to be published, that the 
same sorts of seasonal phenomena that damp competition in plants, also 
occur in animals. 

MacArthur and Levins {13} have recently pointed out that two rather 
different extreme types of diversity between closely allied sympatric 
species (i.e., members of a genus or subfamily) are possible. 

The two species may be specialized in such a way that they eat slightly 
different food, but hunt it over the same area. In this case morphological 
specializations, of which the simplest is a size difference, are to be ex- 
pected. Probable examples, such as the hairy and downy woodpeckers, 
easily come to mind. 

If the two species eat the same sorts of diversified food, they are 
likely to differ in the proportions in which they encounter it, and to 
specialize in habitat preferences without much morphological specializa- 
tion becoming necessarily involved in feeding activity. MacArthur’s 
own work on the American warblers provides a striking example. The 
existence of these two general situations has long been known, but 
MacArthur and Levins provide a good abstract theory of the phenom- 
enon. 
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Over the whole vertical column in a stratified lake, even if only 10 m. 
deep, habitat differences are available in summer, at least as great as 
over the range from the bottom and to the top of a mountain several 
hundred times that vertical range. In the turbulent epilimnion it is in 
generab hard to develop habitat preferences and, within any layer in 
which free movement is habitual, size differences may be expected as the 
simplest specialization increasing diversity, as is the case with copepoda. 
In view of*the extreme vertical variation when we leave a turbulent 
freely mixed layer, the antithetic habitat difference type of specializa- 
tion in the plankton is likely to be rather different from what is found 
terrestrially, involving fairly complete adaptation to very divergent 
physical factors rather than habitat preferences, though, in two species 
living together with vertical migration over partly overlapping ranges, 
we have the lacustrine analogue of birds feeding in different parts of the 
same tree. The rapid production of a number of generations per year 
permits a kind of seasonal succession in rotifers and cladocera, though 
to a less extent in copepoda, that is comparable to that in the phyto- 
plankton. Considerable possibility of avoiding competitive exclusion is 
thus achieved by slow competition between species that have slightly 
different optima, and so succeed each other in time. Here the production 
of resting stages is of the greatest importance. That they are produced at 
the time of maximum population fits reasonably into this scheme quite 
independently of adaptation to unfavorable physical situations. 

This succession in time may be coupled with size differences and 
habitat differences, probably producing, in for instance the genus 
Polyarthra (141 where five or six species can be sympatric but not strictly 
synchronic, a very pronounced niche specificity. 

An interesting question arises, namely to what extent sympatric 
species of a given taxon, say genus or family, not merely have different 
ecologies, but also have ecologies that, though different, are closer than 
any would be likely to be to that of a sympatric nonmember of the 
taxon picked at random. 

If we compare a desert assemblage with a limnoplanktonic one, it is 
obvious that, if the first organism captured in the desert is a beetle, 
the probability that the next one of another species is also another 
beetle is higher than that it is a rotifer, and vice versa. It is however 
rather surprising to find that in Carlin’s data 14) four unallied perennial 
rotifers, including the microphagous sedimenters Keratella, Notholca, 
and Conochilus and the selective predator Asplanchna, all reacting 
similarly to an unidentified difference, possibly involving an earlier 
decline in the late summer bloom of Oscillatoria, that distinguished 
1940 from the other years of his study. 

The relatively small development that has been possible in the study 
of the interrelationships of the plankton since Forbes j4} wrote in 1887 
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and Birge 12] in 1898, and of which some examples have just been given, 
has been due to a very large amount of work both in field observations, 
in very meticulous taxonomy and in ecological theory. In the other parts 
of the lacustrine community the problems are more difficult though 
their solutions would have great fascination, as will be apparent from a 
single example. If we examine the lasion, ‘‘Aufwuchs” or fouling com- 
munity of freshwaters, we find a variety of filamentous algae and diatoms 
with an associated fauna ordinarily of small motile forms. The biomass 
of the animals is doubtless ordinarily much less than that of plants, 
and on a surface near the bottom of the euphotic zone organisms will 
tend to be scarce. There may be a few sponges and bryozoa but they 
are not conspicuously important. In the sea, the parallel community, 
though largely algal in the tidal range, consists at most levels of an 
astonishing mass and variety of sessile animals, sponges, molluses such 
as Mytilus, numerous hydroids, bryozoa, and tunicates. The difference is 
presumably due to the lack of pelagic larvae other than copepodan 
nauplii in freshwater. The only exceptions are a very few molluscs of 
far from worldwide distribution, notably Driessena and to a less extent 
Corbicula, the larval colonies of phylactolaematous bryozoa, hardly 
ever noted in open water, perhaps a few transitory planula larvae 
(Cordylophora, Limnocnida, Craspedacusta) and the free swimming 
larvae of Trematodes which show odd diversity in behavior when allied 
species are compared, but which presumably do not enter into com- 
petition with other plankters. This is a very poor showing compared to 
the dozen phyla likely to be found in any series of marine neritic plankton 
samples. This difference has received various explanations, the most 
reasonable, essentially due to Needham 15], probably being the dif- 
ficulty that a small larval animal in freshwater, feeding on plant cells 
low in sodium and chloride, would have in acquiring enough salt be- 
fore it could develop salt absorbing organs. In a certain sense the adult 
animals of the marine littoral benthos, not all sessile nor all micro- 
phagous, are the resting stages removed from competition at least m the 
open water plankton. We see in this type of relation the rather large 
scale example of the sort of interaction which fascinated Forbes. It is 
hard, in reading Forbes on The Lake as a Microcosm, to prevent the 
mind drifting back to the tangled bank of the last chapter of Darwin’s 
Origin of Species 16], and from there itis permissible, at least in 1964, 
to look back still further to that other “bank where the wild thyme 
blows” 17). Both Forbes and Darwin realize struggle but see that it 
has produced harmony. Today perhaps we can see just a little more. 
The harmony clearly involves great diversity, and we now know, in the 
entire range from subatomic particles to human artifacts, that every 
level is surprisingly diverse. We cannot say whether this is a significant 
property of the universe; without the model of a less diverse universe, a 
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legitimate but fortunately unrealized alternative, we cannot understand 
the problem. We can, however, feel the possibility of something im- 
portant here, appreciate the diversity, and learn to treat it properly ms). 
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The concluding paragraphs of Forbes’ essay and of the Origin of Species may 
be profitably compared: 


Have these facts and ideas, derived from a study of our aquatic microcosm, 
any general application on a higher plane? We have here an example of the 
triumphant beneficence of the laws of life applied to conditions seemingly the 
most unfavorable possible for any mutually helpful adjustment. In this lake, 
where competitions are fierce and continuous beyond any parallel in the worst 
periods of human history; where they take hold, not on goods of life merely, 
but always upon life itself; where mercy and charity and sympathy and mag- 
naminity and all the virtues are utterly unknown; where robbery and murder 
and the deadly tyranny of strength over weaxness are the unvarying rule; 
where what we call wrong-doing is always triumphant, and what we call good- 
ness would be immediately fatal to its possessor—even here, out of these hard 
conditions, an order has been evolved which is the best conceivable without 
a total change in the conditions themselves; an equilibrium has been reached 
and is steadily maintained that actually accomplishes for all the parties involved 
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the greatest good which the circumstances will at all permit. In a system where 
life is the universal good, but the destruction of life the well-nigh universal 
occupation, an order has spontaneously arisen which constantly tends to main- 
tain life at the highest limit—a limit far higher, in fact, with respect to both 
quality and quantity, than would be possible in the absence of this destructive 
conflict. Is there not, in this reflection, solid ground for a belief in the final bene- 
ficence of the laws of organic nature? If the system of life is such that a har- 
monious balance of conflicting interests has been reached where every element 
is either hostile or indifferent to every other, may we not trust much to the 
outcome where, as in human affairs, the spontaneous adjustments of nature are 
aided by intelligent effort, by sympathy, and by self-sacrifice? (Forbes. ) 

It is interesting to contemplate a tangled bank, clothed with many panis 
of many kinds, with birds singing on the bushes, with various insects flitting 
about, and with worms crawling through the damp earth, and to reflect that 
these elaborately constructed forms, so different from each other, and dependent 
upon each other in so complex a manner, have all been produced by laws acting 
around us. These laws, taken in the largest sense, being Growth with Reproduc- 
tion; Inheritance which is almost implied by reproduction; Variability from the 
indirect and direct action of the conditions of life, and from use and disuse: 
a Ratio of Increase so high as to lead to a Struggle for Life, and as a consequence 
to Natural Selection, entailing Divergence of Character and the Extinction 
of less-improved forms. Thus, from the war of nature, from famine and death, 
the most exalted object which we are capable of conceiving, namely, the pro- 
duction of the higher animals, directly follows. There is grandeur in this view 
of life, with its several powers, having been originally breathed by the Creator 
into a few forms or into one; and that, whilst this planet has gone cycling on 
according to the fixed law of gravity, from so simple a beginning endless forms 
most beautiful and most wonderful have been, and are being evolved. (Darwin.) 
I know a bank where the wild thyme blows, 

Where oxlips and the nodding violet grows; 
Quite over-canopied with luscious woodbine 
With sweet muskroses, and with eglantine 
There sleeps Titania sometime of the night, 
Lull’d in these flowers with dances and delight; 
And there the snake throws her enamell’d skin, 
Weed wide enough to wrap a fairy in. 

—A Midsummer’s Night’s Dream 

II. i. 249-256 

The evening program ended with a performance of Mozart’s Quartet in 
G Minor for piano and strings, K. 478. . 
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THE STRATEGY OF EVOLUTION* 


By LAWRENCE B. SLOBODKIN 

HERE is an embarrassing lack of surprises in certain aspects of 
fl ere: theory. For example, if a bird has only seawater to 
drink, it isnot surprising, given our knowledge of birds in general, that 
some mechanism must exist for eliminating salt if the bird is to survive. 
It is not possible to state a priort what the mechanism is for any par- 
ticular bird. It is therefore intellectually pleasing that gulls excrete strong 
brine through a nasal gland (Schmidt-Nielsen, 1960). The novelty of the 
arrangement provides the same kind of intellectual satisfaction in the 
twentieth century that I imagine the information in the Bridgewater 
treatises provided in the nineteenth (Whewell, 1833), or Henderson’s 
Fitness of the Environment (1913) to the teachers of our teachers. Never- 
theless, physiological and even behavioral adaptations, no matter how apt, 
seem only what ought to be expected from our knowledge of natural 
selection, survival of the fittest, and other catch words. 

In the literature of biology, discussions of evolution consist of either 
historical statements, whether phylogenetic or genetic, and of physio- 
logical or morphological descriptions. Despite this reticence on the part 
of biologists, an enormous amount of bad philosophy, psychology, and, 
on occasion, political theory, has been initiated by a consideration of 
evolutionary phenomena. There is apparently an almost irresistible 
temptation to try to find some point, purpose, or goal in the evolutionary 
process. In some sense, the narrowly biological discussions of evolution 
are unsatisfying, so that para-biologists feel called upon to provide a 
theatrically acceptable finale. 

Even among biologists, goal-oriented evolutionary statements are 
made in private conversation. We tend to speak in generally teleological 
terms as if the confrontation between organisms and their environment 
were some kind of game in which the successful organism has somehow 
outwitted a powerful but not necessarily malicious opponent. This manner 
of speaking does not do violence to normal standards of mechanistic 
science since it is an axiom of mechanistic biology that, in fact or in 
principle, any teleological statement in biology is replaceable by a suit- 
ably non-teleological one. The non-teleological replacement statement 
may always be made of two parts, first, a physiological or biochemical 
description of the events occurring in the organism confronted with the 
situation of interest, second, a statement about the effect of these events 
on the probability of survival of the organism. 

The process of taking organisms from one environment and placing 
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them in another can be thought of, from the quasi-teleological viewpoint 
of a game analogy, as confronting them with a problem to solve. More 
usually, the situation would be described in physiological terms. The 
actual responses of the organisms to this new situation are quite inde- 
pendent of the observer’s viewpoint, as are the data recorded from the 
experiment. The conclusions drawn from the experiment, the experiments 
undertaken, and the kind of data actually recorded are, however, very 
much dependent on the observer’s viewpoint. : 

I will present one set of experimental examples and will interpret these 
examples as if they constituted a kind of game between the organisms 
and their environment. I will then attempt to make statements about the 
game analogy in evolutionary theory and about the “purpose” of 
evolution. 

I accept as an initial axiom (as did Darwin and Wallace) that, barring 
drastic physical changes or the introduction of new species, the number 
and kind of animals found in any region of the world tend to remain es- 
sentially constant from year to year. 

It is also a valid experimental platitude that if a few fertile organisms 
are taken from either the field or a stock culture and placed in a suitably 
salubrious but spatially confined environment it is vanishingly unlikely 
that their general physiological state will not change. In particular, 
their abundance in the new environment will come to some new level 
which will thereafter characterize the experimental container. We wil 
refer to this relatively constant population as the “steady state popula- 
tion.” 

The fact of introducing them to a new container is a violent alteration 
of the environment of the animals in the inoculum. If the inoculum is 
sufficiently small, the number of animals will increase. When careful 
examination of animals in Increasing populations has been made it has 
been found that the animals are growing more rapidly as individuals, are 
reproducing more rapidly, have a higher fat content, and by most 
reasonable criteria are healthier individuals than animals of the same 
kind taken from a steady state population in the same environment 
(Smith, 1963). The degree and kind of physiological changes that occur 
in the individual animals of a population during the transition period 
between the inoculation and the attainment of steady state vary from 
species to species but they always do occur. This is tautological, since the 
steady state population can be defined by an identity of birth and death 
rates while death rates are significantly lower than birth rates in an in- 
creasing population. We conclude that there is generally an evolutionary 
advantage to having a relatively larger number of less healthy animals 
than to having a smaller number of more healthy ones. There is some bal- 
ance struck for any particular species in any particular environment 
between optimal physiological condition of the individual and optimal 
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abundance. The: mechanism of achieving this balance differs from 
species to species. 

Recent experimental studies in my laboratory permit a tentative 
analysis of the adaptive significance of this balance in two species of 
hydra. The hydra are morphologically simple animals with no hard 
skeletal structure at all. Essentially, they consist of a hollow bag of 
tissue with tentacles growing around the lip of the bag. The tissue layers 
are relatively thin. The body wall thickness, as well as the size and shape 
of the animals, can be altered within fairly wide limits by differential 
contraction and relaxation of muscle-like cells. In still water, for example, 
the tentacles may be extended as fine filaments 20 em or longer while the 
same animal when shaken will shrink to a mound not more than 3 mm 
across. This drastic alteration in the morphology of a single individual is 
fairly common among the soft-bodied coclenterates. 

If either green or brown hydra are inoculated in small numbers into 
an experimental container with an abundant but constant daily food 
ration, they will initially grow larger as individuals and produce buds. 
As the number of actively feeding mouths increases, the food available 
for each mouth is reduced. As this reduction occurs, the budding rate 
falls off and eventually ceases and the body size of the individual animals 
diminishes. Hydra oligactis, Hydra littoralis, Hydra pseudoligactis (the 
brown hydra in my laboratory) or Hydra viridis and Chlorohydra viridis- 
sima (green hydra with symbiotic algae embedded in their body cells) 
all overlap broadly in their size ranges so that any hydra in any of these 
species can be brought to the same body size as any other by appropriate 
feeding. In the process of population growth, each population will in- 
crease numerically and the animals in it will come to a fixed body size, 
considerably smaller than their genetic potential. Griffing (personal 
communication) has shown that in H. oligactis and H. pseudoligactis 
there is a direct relation between body weight, budding rate, and feeding 
rate. This seems valid for all hydra. The size of animals in a steady state 
population is therefore that size at which the budding rate is just suf- 
ficient to compensate for the mortality rate. 

While the precise body weight to which each of these various species 
come at the population steady state is not known for all of them, it is 
clear that a threefold difference in steady state body size does occur 
between Hydra littoralis and Ch. viridissima (Slobodkin, 1964). 

If animals with flexible body size tend to one particular size, it may be 
inferred that being either larger or smaller is disadvantageous. That is, 
it should be possible to define a set of circumstances under which large 
body size would be favorable for the organisms and a contrasting set of 
circumstances under which small body size would be favorable. In the 
case of the hydra, for example, we can suggest that large body size is 
advantageous if the individual food particles are relatively large so that 
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too small an animal cannot catch them and hold them. Large body size 
might also have an advantage if the food supply were extremely sporadic, 
since during starvation the hydra diminish in body size with time. 
Large body size is a direct insurance against starvation. 

Small body size has a conceivable advantage if the food «supply 
consists of numerous small particles evenly distributed in time. The 
total feeding surface per unit of living bulk to be maintained is greater 
in a population of small animals. It is also conceivable that, if*the popula- 
tion is threatened in some sense by environmental processes that destroy 
individual animals regardless of their size, many small animals have an 
adaptive advantage over a few large ones. Note, I leave adaptive advan- 
tage undefined. 

All of the species of hydra listed above can be maintained on a ration 
of brine shrimp nauplii (Artemia sp.). H. littoralis, H. oligactis and H. 
pseudoligactis, and H, viridis can also be maintained on daily rations of 
young Daphnia. Two species of Daphnia were available, D. pulex with 
newborn animals weighing 3-5 micrograms each and D. magna with new- 
born animals weighing 9-11 micrograms each. The weight of a single 
Artemia nuplius is around 2 micrograms. By ‘‘maintaining the hydra on 
the food organism” I am here referring to keeping individual animals. 

Populations of all of these species can be maintained on Artemia and 
D. pulex and all of them except the green hydra can maintain populations 
fed on D. magna. For the brown hydra, the number of animals main- 
tained on a given number of D. magna per daily ration is somewhat 
larger than can be maintained by the same number of D. pulex, but the 
increase is not quite proportional to the difference in the energetic con- 
tent of the two species of Daphnia. Within each type of food supply, the 
size of the population that can be maintained is linearly proportional to 
the amount of food supplied. 

When green hydra populations are fed on Daphnia magna there 
is an initial increase in abundance followed by a decline below the level 
of a population fed on a corresponding number of Daphnia pulex. 
After approximately fifty days, food consumption stops in the green 
hydra populations on D. magna. The animals are simply too small to 
catch D. magna. If no other food supply is made available, the green 
hydra population eventually starves to death. If these tiny green animals 
are put on a diet of Artemia nauplii they can be increased in size to the 
point that they can again capture and feed on Daphnia. So long as they 
are consistently well fed on D. magna, the green hydra maintain their 
body size and bud freely. We have, however, never seen a bud from a 
green hydra feed on D. magna young as its first meal. 

The inadequacy of D. magna as a diet for populations of Hydra viridis 
is, therefore, not a biochemical deficiency of the hydra nor is it related to 
the biochemistry of the Daphnia except in so far as this relates to the 
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size of the Daphnia, nor is it due to the inability of the green hydra to 
grow to a sufficiently large size to eat D. magna. It is rather that, in the 
process of adjusting to a new environment, the green hydra produce very 
small animals rather than a smaller number of large ones, as if the green 
hydra are playing the strategy of being numerous and small while the 
brown ones play the contrasting strategy of being relatively less numerous 
but larger. It should be noted again that these commitments to specific 
sizes are ndt permanently binding in the sense that suitably starved 
individual brown animals become as small as individual green ones and 
suitably fed green ones become as large as brown ones. 

We have seen a situation in which small size is disastrous for green 
hydra populations. Clearly we are required to show a correspondingly 
advantageous situation or be faced with the problem of explaining why 
green hydra exist at all. When Hydra littoralis and Chlorohydra viridis- 
sima are simultaneously inoculated into a laboratory culture, fed on 
Artemia nauplii and maintained under a fluorescent lamp, both species 
increase in number of animals, the brown less rapidly than the green 
(Slobodkin, 1964; Stiven, 1962). When the number of hydra are ap- 
proximately twice the number of Artemia per day provided in the food 
ration, the brown hydra begin to decrease while the green continue to be- 
come more numerous. In approximately forty days, the brown hydra 
have been completely eliminated and the green hydra approach a rather 
vacillatory steady state. 

In any two species system, the available energy must be divided 
between the two species. By becoming extremely numerous the small 
green hydra could capture an overwhelmingly large share of the small 
Artemia nauplii, starving out the brown hydra. This was demonstrated 
by removing a given fraction of the increase of the two populations daily. 
This type of removal acts as an increment to the death rate and reduces 
the number of animals in the residual population. The greater the 
fraction of the increase removed from the two populations, the longer 
the persistence of the brown hydra. When 90% of the increase was re- 
moved daily, the combined number of hydra of the two species in the 
population was not too different from what might be found in a control 
population of only brown hydra, and the two species persisted indefi- 
nitely. The competitive outcome between brown and green hydra is not 
in any obvious way related to any mutual interaction on the biochemical 
level but is explicable in terms of the relation between number and size of 
the animals and their food supply. 

So far, we have seen that the green hydra have the advantage of 
greater food-catching surface for their population as a whole. This proves 
of value when the food supply consists of small particles, but is dan- 
gerous if the food supply consists of large particles. The brown hydra 
have the advantage of individual large size, increasing the likelihood that 
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each individual animal will acquire some food and decreasing the proba- 
bility of starving to death between meals. 

How can the green hydra counteract the risks of small size? If hydra 
get smaller and smaller in the absence of food, we might expect that 
they would eventually get so small as to be unable to eat any metazoan. 
As a matter of fact, sufficient duration of starvation will give exactly 
this result. The danger is considerably reduced however by the fact that 
the green hydra can derive a certain amount of nutrition froni the photo- 
synthetic processes of their symbiotic algae. 

The significance of the photosynthetic processes of the algae for the 
green hydra has been demonstrated in three ways. First, we have already 
indicated that brown hydra are eliminated by green hydra when grown 
in the same container and fed on Artemia under a fluorescent light. 
When the experiment is performed under a black cloth wrapper, both 
species persist (Slobodkin, 1964). Also, when Hydra viridis from a stock 
culture were starved for a twenty-eight day period, the total weight of the 
hydra was one-third the initia] weight for animals kept in cloth wrappers 
but essentially identical with the initial weight for animals kept in twenty- 
four hours of fluorescent light. (This experiment is now being repeated at 
various temperatures and light periodicities and intensities and must be 
considered cautiously.) 

The third demonstration of the role of the algae in green hydra also 
provides a rough estimate of the relative amount of energy provided by 
algae. This involved a series of experiments to determine ‘‘ecological 
efficiency.” This concept is defined and discussed in fair detail elsewhere 
(Slobodkin, 1962). Suffice it for the present purpose that ecological ef- 
ficiency is a fraction with a numerator which is the energy that a predator 
can get from a population and with a denominator which is the energy 
consumed by the prey population as food. The evaluation is made at 
steady state conditions. Whenever this has been evaluated, a maximum 
value of approximately 10-15% has been found, except in the case of 
green hydra populations in twenty-four hours of light. If the denominator 
is taken as the Artemia eaten by the hydra, then the ecological efficiency 
is approximately 40%. From this I infer that approximately three-fourths 
of the energy supply of green hydra is derived from the photosynthetic 
activity of their algal symbionts. 

The story of size control in hydra is not yet complete by any means. 
Preliminary experiments indicate a rather delicate adjustment between 
the budding mechanisms of the hydra and the rate of photosynthetic 
activity of the symbionts, for example. We have gone far enough, how- 
ever, to get the impression that the hydra seem to act as if they are 
playing some kind of game with their environment, making certain 
adjustments only when there is reasonable assurance that the risks as- 
sociated with these adjustments have been covered. This case is simply 
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an example. Almost any set of ecological phenomena can be analyzed 
the same way. 

In what sense does this manner of speaking contribute insights that 
would not be available from a more conventional biochemical or physio- 
logical approach? 

Consider the analogies that are possible between evolutionary proc- 
esses and changes on the one hand and games on the other. For example, 
imagine a gfoup of non-chess playing observers at a tournament of mute 
chess players. It would be possible for such a group of observers to deter- 
mine the rules of the game fairly readily by simply observing the players. 
Regardless of superficial differences such as size, shape, and color, there 
are functional identities between all pawns, all knights, all rooks, ete. 
There are very limited categories of moves that each of these can make 
regardless of their relative position on the board or association with each 
other. Pawns move only forward, polarization of the bishops’ activity is 
at a 45 degree angle to the polarization of the rooks’, there is a quasi- 
helical pattern to the activities of the knights and so on. Occasionally 


peculiarities might be noted such as “castling,” “en passant capture,” > 


and ‘‘queening of pawns” that might be somewhat more difficult to 
characterize fully. 

Once the rules have been determined, it is possible to consider that 
the game of chess is now “solved” in some sense and go on to the 
next game or problem. The more complicated the rules of a game, the 
greater the sense of having solved the game when the rules are deter- 
mined. To know the rules of a game makes it possible to play the game 
in the sense that a person manipulating objects on the play area con- 
trary tothe rules is not playing the game at all. 

All the players of any particular game do play by the same rules. 
All of them in that sense understand the game. Not all of them win, 
and this is why games are interesting. One of the standards of quality 
that can be applied to a game, aside from the intrinsic aesthetics of the 
manipulative procedures and the social rewards of proficiency, is the 
subtlety of the relation between playing by the rules and winning. That 
is, a gamé in which playing by a set of rules ensures victory is a bore, no 
matter how complex the rules. The various games involving building a 
path of one or another color across a field (such as John, Hex, or Bridgit) 
are dull in this sense. Somewhat better games are those in which the 
rules or the objects involved embody chance or unknown elements. 
Card games, dicing games, and contests with a biological element (as 
races, baseball, golf, etc.) are better games. Betting on their outcome is 
a worthwhile activity. Some games of this sort are amenable to the 
construction of interesting game theories in the mathematical sense. 

The more delicate board games like chess and Go can be considered 
either from the standpoint of chance or from the standpoint of strategy. 
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Such games are played one move at a time. At each player’s turn, there 
is available to him a very large class of bad moves and, if it is an interest- 
ing game, a very small class of good moves. In the game of Go, the 
class of good moves is defined in part by a series of adages or proverbs: 
“Don’t make empty triangles,” “Don’t peep at the bamboo joint,’ etc. 
(Segoe, 1960). To a degree, the same type of adage is used in teaching 
chess: “In the early game don’t move the same piece twice,” ‘‘Avoid 
pawns in line” etc. (Mason, 1958). These adages are, in principle, re- 
placeable by a table in which are catalogued all the moves in a very 
large series of games, the”configuration of the board when these moves 
were made, and information as to the eventual outcome of each game. 
If the first player makes a particular move, this alters the configuration 
of the board. This configuration is associated with a certain probability 
of each player winning or losing. Within the class of moves possible in 
the new configuration there is a very small subclass which alters the 
configuration so as to increase maximally the probability of the second 
player winning. Note that the concept of probability in relation to this 
type of game does not imply chance events in the game but rather a 
sampling that has been made of past games. The probabilistic argument 
as to how to play would, however, work in any case. For example, the 
poker adage “Never draw to an inside straight,” has a statistical justi- 
fication of a formally similar kind. 

Teachers of chess and Go present the adages to their pupils and 
rationalize them in terms of future events that might occur in the game. 
“If you do this then when he does that...’? They do not make any at- 
tempt to equip the student’s memory with a probability table for each 
possible move, although everyone concedes that this is, in principle, 
possible. 

No attempt at all is made to deduce the appropriate moves from the 
permissible ones. That is, the fact that a knight is permitted to move in a 
particular way is only in a very trivial way the reason for making a 
particular knight move at a particular juncture of the game. 

The above information is enough to demonstrate that simply saying 
that evolutionary processes are analogous to a game is meaningless since 
there are many significantly different kinds of games. 

Let us now consider the ways in which the evolutionary process does 
or does not resemble a game. It is fairly safe to say that all organisms 
are obeying the same rules in that they have the same or very similar 
biochemical processes occurring in them. It is possible to define life in 
terms of these processes in the same way that one may define chess as 
the placing and moving of pieces on a board in accord with the rules of 
chess. - s 7 A 

In a game, playing by the rules is irrelevant to winning or losing. So, 
being alive, in the sense of following the biochemical rules that define 
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life may be irrelevant to “winning or losing’ the evolutionary 
game. 

That sentence must be examined very carefully and accepted with all 
due caution. The biochemical processes occurring in the mammoth, 
mastodon, or in the saber-toothed tiger were, as far as we can tell, not 
different in any major way from those occurring in the Indian elephant, 
African elephant, or pussy cat. One trio is gone, the other is not. It is 
conceivable that these species became extinct for lack of an enzyme, 
but it does not seem likely. It has been suggested that simply the ac- 
cidents of history determine extinction or survival. This position has a 
misleading plausibility to it. It is exactly the conclusion that a naive 
observer might come to after deducing the rules of chess and being 
confronted with the fact that half the players playing at any given 
moment in time are destined to lose (excluding drawn games). 

A rulebook in almost any game is short, definite, and written in 
declarative sentences. A book on the strategy of the same game is 
typically much longer, consisting of highly restricted subjunctive 
statements. Nevertheless, a player who carefully studies a book on 
strategy becomes much more likely to win than a player who only 
knows the rules. Is there a definite empirical strategy of evolution? I 
would like to suggest that the kind of statements I made earlier with 
reference to the advantages and disadvantages of various body sizes in 
hydra were in fact elementary examples of evolutionary strategy. The 
animals that are now alive are successful players at the evolutionary 
game in that, while we have not yet considered how one can win in 
evolution, extinction represents a kind of losing. 

If we, as articulate observers, can determine what the stakes are in 
the game, we ought to be able to expand our knowledge of its strategy 
by examining the properties of the successful players whether or not 
they are articulate or “intelligent.” Note that we are already fairly 
clear on the idea that the difference between good and bad strategy need 
not be biochemical in any interesting way. 

In the formal mathematical theory of games, the kind of payoff or 
penalties that the participants in the game receive must be specified. 
There is a quantifiable reward for winning and some kind of measurable 
penalty for losing. Lewontin (1961) discussed the evolutionary process 
from this formal game theoretical standpoint. Can we assign a quanti- 
fiable payoff to the evolutionary game? 

This question can be answered indirectly. Huizenga (1950), in an 
historical essay on the role of games in human culture, pointed out the 
simple, but highly significant fact that games are always played either 
on a playing field or playing board or some other specified spatial region. 
Within this region, the only rules that apply are the rules of the game. 
At the termination of any game, there is a distribution of rewards and 
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penalties. The players then leave the play area. The value of the reward 
does not lie in the play area itself but in the non-play world in which 
the play area is embedded. In other words, for a game to be worth the 
candle there must be a way of cashing in the winnings and this implies a 
place must exist other than the gaming board itself. . 

Animals have no such place. If evolution is a game at all, it is the kind 
of game that Kafka or Sartre might have created. The only payoff 1s 
in the continuation of the game. It is in one sense possible to build a 
formal game theory, using some suitably defined probability of survival 
of the population as a whole as the payoff. While this may be logically 
sound, it runs into considerable operational difficulties. 

How would one play a purely existential game in which everything 
is subordinated to persistence? Neither efficiency, nor complexity, nor 
power, nor even destruction of one’s opponent, can serve as a goal in 
itself. What is the best strategy in such a game? If we imagine that a 
player knows only what he himself played at his last turn, his obvious 
best play is to repeat what he did last time. If the general configuration 
of the game has changed from one turn to the next, this move may im- 
prove his probability of persistence or may reduce it. That is, doing the 
same thing at each turn, in a game of changing configurations, becomes a 
kind of random walk. If we consider that the state of a player’s fortunes 
can be specified by an arbitrarily long series of variables and that, at 
some initial time, each of these variables has a certain value, unless all 
the players do exactly as they did before, any player that persists in the 
same move round after round is most probably doomed. Even if all the 
players stick to their earlier moves, it still is not necessarily the case that 
any one player will persist in the game. After sufficient time has elapsed, 
however, each of the surviving players would have locked in on a 
constant move or a closed cycle of moves. This type of system can per- 
sist only if there is no extraneous source of variance being introduced 
into the configuration of the game. Unless all such extraneous new 
variance is damped out as rapidly as it is generated by some kind of 
homeostasis in the system, the configuration of the system will change 
as a random walk process. 

The process of homeostasis, anywhere it occurs, involves adjustments 
which tend to keep some property of a system constant despite am- 
bient changes. These adjustments, however, involve changes in other 
properties of the system whose constancy is not of prime significance. 
(A proper heating system adjusts the rate of fuel consumption so as to 
keep the temperature of the house constant.) What kinds of things do 
organisms hold constant, and what kinds of things do they alter for this 
constancy? Notice we have arrived at an empirical question with a fairly 
high degree of intrinsic interest. Much of this interest, as in most 
empirical questions, arises from the context. This context is a somewhat 
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strange one in its deviations from the usual pattern of scientific argu- 
ment. 

Before we attempt to answer the empirical question it seems ad- 
visable to recapitulate the argument which made it matter. 

I described portions of an experimental analysis of the regulation of 
size In several species of hydra. The biochemical and physiological size 
control mechanisms, to the degree that they are understood, were not 
really helpful. An essentially teleological approach, asking “What are the 
advantages and dangers of this or that size?” did seem reasonably fruit- 
ful, as if the hydra were making intelligent moves in a game with their 
environment or, at least, if I were a hydra making intelligent moves in a 
kind of game with the environment, it would seem reasonable to do what 
the brown hydra do, given the attributes of brown hydra and to do what 
green hydra do, given the attributes of green hydra. We then considered 
the analogy between games and evolution and found that, if the analogy 
holds at all, it is only with a very restricted kind of game. This restric- 
tion of the analogy led us to the statement that the only point of evolu- 
tion is persistence. This is equivalent to the theatrically unsatisfying end 
that Darwin came to. 

Returning now to the question of what is actually held constant in a 
constant population by the homeostatic mechanisms of evolution, we 
are forced by the argument into an apparently paradoxical position. 
It is undeniable that “‘fitness’’ in some sense is either held constant or 
maximized in the evolutionary process. Unfortunately, the word ‘“‘fit- 
ness’ has been used to mean everything from physiological vigor to 
reproductive capacity (Birch, et al., 1963). If we accepted any of these 
as the thing which the homeostatic mechanisms of organisms are “try- 
ing” to hold constant, we would also be saying that this was the payoff 
for the evolutionary game. We can get around this difficulty if we con- 
sider that homeostatic ability itself is the thing which evolutionary 
homeostasis is “trying” to hold: constant. The apparent paradoxes 
generated by all other definitions of “fitness” now disappear. Even 
the concept of “reproductive value” increase (Fisher, 1930) takes on the 
character of a special case. There is the danger that, in eliminating 
the paradoxes, we have eliminated all content and questions. This is not 
the case, although the form of evolutionary questions must, of necessity, 
now alter, as will be discussed later. 

This conclusion is not new. Bateson (1963) points out that there seems 
to be a hierarchy of adjustment mechanisms all acting to preserve 
flexibility to environmental changes. The time required for each of these 
various adjustment mechanisms to respond to an alteration in the 
environment is inversely related to the range of environmental changes 
in which the mechanism in question will respond. All of the responses are 
in such a direction as to maximize the ability of the evolutionary unit (as 
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defined in Thoday, 1953) to respond to subsequent environmental change. 
On the shortest time scale and narrowest environmental range are the 
rapid physiological changes comparable to those that occur over a 
diurnal cycle in man. Individual organisms may become acclimatized 
to a shift in environmental circumstances. In addition, certain kinds of 
alterations in environment result in numerical alterations in the number 
of organisms in the population which bring about changes in the state of 
the organisms themselves. ° 

Should an environmental change be an essentially permanent one, the 
evolutionary unit will adjust by gene frequency changes to restore the 
flexibility of the acclimatization mechanisms just as they restored 
the flexibility of the short range physiological adjustment mechanisms. 
Presumably, any genetic change will reduce the capacity for further 
genotypic change. Bateson speculates that flexibility of the genotype 
would itself be selected for. This would also be anticipated from our 
argument as to the significance of homeostatic ability per se. 

The effect of adjusting each of the higher levels in this hierarchy of 
feedback devices is to restore the flexibility of response to the next 
lower level. Bateson says “‘...there must be an economics of somatic 
flexibility and this economics must, in the long run, be coercive on the 
evolutionary process. . . . The organism or species would benefit (in 
survival terms) by genotypic change that would simulate Lamarckian 
inheritance . . . . Such a change would confer a bonus of somatic flexi- 
bility and would therefore have marked survival value.” (Italics his.) 
This is, in effect, identical with the conclusion derived from consideration 
of the existential game. 

Bateson is not the only author to derive approximately this conclusion. 
Thoday (1953) states that survival probability is the only appropriate 
measure of fitness. Waddington (1957) says ‘‘...we are in fact suggest- 
ing that all natural selection is in fact a selection for the ability of the 
organism to adapt itself. . . . in the environment in which it finds it- 
self.” Lewontin (1957) indicates clearly that he believes the central 
problem of evolution to be the development of a theory of homeostasis 
which maintains constant the survival potential of the evolutionary 
unit. 

With the possible exception of Thoday and Bateson, authors writing 
about this problem seem to back away from the conclusion that the 
homeostatic devices of the evolutionary unit are themselves being 
maintained by homeostatic mechanisms. They tend to substitute 
more easily measured physiological properties as the thing whose con- 
stancy is of prime evolutionary significance. Waddington (1957) con- 
demns Thoday for insisting on an almost unmeasurable concept as an evo- 
lutionary goal and feels that this is a misuse of the term homeosta- 
sis. 
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Waddington’s concept of developmental homeostasis is somewhat 
different from the notion of flexibility discussed here (Waddington, 
1957). He is referring to the homeostatic maintenance of constancy in 
development so that a fairly broad spectrum of environmental altera- 
tions will be compensated for by the organism during the developmental 
process. From our present standpoint, this is most significant as im- 
plying that the terminal resultant morphology of this process is the 
morphology of maximal homeostatic capacity (i.e., flexibility) for the 
environment in question. That is, if developmental homeostasis in the 
sense of Waddington is highly developed, it implies that the terminal 
morphology is of major significance in fitness while, if it is not, there is 
the implication that other methods are available for coping with en- 
vironmental variability. This is of interest in that it indicates the exist- 
ence of a class of meaningful ecological questions that can be formu- 
lated and in part answered from knowledge of the organisms themselves, 
having reference to the organisms’ environment without involving direct 
environmental measurement. 

The contention that all of the adjustment mechanisms of organisms 
and populations function to maintain the flexibility of the evolutionary 
unit may only be valid for biological systems although Ashby’s homeostat 
operates in the same general way, but without the hierarchical property 
(Ashby, 1952). 

No insurmountable logical problem is generated by holding homeo- 
static ability constant nor are normal assumptions of the physical- 
chemical bases of life violated. 

It might be argued that all biological statements other than those 
explicitly stated in terms of chemical reactions are of necessity invalid. 
This position would deny that strategy matters in chess. It is a kind of 
fundamentalist mechanism and represents an almost complete circle 
in the history of biology. 

In the late nineteenth century conflict between mechanism and vital- 
ism, one of the strongest general arguments against vitalists was that 
their insistence on the intrinsic impossibility of biological analysis closed 
a series of intellectual pathways while a mechanist or “agnostic” position 
permitted these pathways to be explored. . 

To close the door to enquiry in the name of mechanism would seem a 
tragedy. 

Lerner’s concept of genetic homeostasis (Lerner, 1954; Wallace, 1963) 
is analogous to Waddington’s developmental homeostasis in that both 
are concerned with the mechanisms by which those components of 
fitness which are appropriate for long term average environmental. 
conditions avoid altering too rapidly to accommodate to short term 
fluctuations. In the absence of mechanisms of this type, changes in the 
environment of a species can only be met by direct changes in gene 


THE STRATEGY OF EVOLUTION 355 


frequencies. As a matter of fact, for some morphological features this 
seems to be the case. Human eye color or blood type, however complex 
the actual genetic or biochemical mechanism of their determination, are 
fixed within an extremely narrow range for the duration of the in- 
dividual’s life and cannot be altered without selection. Others, for ex- 
ample the human waistline circumference, while related to genotype are 
notoriously flexible during the life of an individual. 

The expressivity of the genes controlling different morphological 
properties is very different. That this is not a property of specific kinds 
of genes can be demonstrated by the differences that exist between 
species in precisely which properties are variable during the life of an 
animal and which are not. In the context of maintenance of homeo- 
static ability of the evolutionary unit, a morphological property con- 
trolled by genes of low expressivity would be assumed to have its primary 
significance with reference to an environmental variable which is likely 
to fluctuate at mtervals that are relatively short compared to the genera- 
tion time of the organisms In question. 

Levins (1961) has discussed this problem in an interesting way. He 
says 


‘«.. Natural selection in a slowly changing environment in general permits a species 
to follow the changes and improve its fitness. But if the environment changes too rap- 
idly, a response to selection may be disastrous. Suppose that a population of butter- 
flies has one summer and one winter generation per year. If there are genetic differ- 
ences in winter and summer viability, the winter generation will be modified by selec- 
tion to produce a summer generation even more adapted than their parents to winter 
conditions, but less well adapted to the summer environment in which they live. We 
have designated this the Epaminondas effect after the small boy who always did the 
right thing for the previous situation. Here the optimal situation would be one in 
which the same genotype produces either winter or summer forms depending on say 
temperature of early development.” 


In summary, from a consideration of the relation between physio- 
logical, ecological, and genetic mechanisms by which populations adjust 
to their environments it seems likely that only flexibility or homeostatic 
ability is always maintained at a relatively high level by the evolu- 
tionary process. All other features of all organisms are expendable to 
this end. The response of an evolutionary unit to any environmental 
change seems to involve the simultaneous initiation of a series of physio- 
logical, ecological, and genetic changes all acting to restore the ability 
of the evolutionary unit to respond to subsequent environmental changes. 
These various flexibility-restoring mechanisms occur at different rates so 
that certain of them are essentially not influenced by short term fluctua- 
tions in the environment. 

It also seems likely that a major mechanism of flexibility maintenance 
is that the more slowly reacting homeostatic devices tend to restore the 
flexibility of response of the more rapidly responding ones. This seems to 
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occur by a readjustment of the norm of the more rapidly acting 
mechanism, as if one had a slow response thermostat that would make 
seasonal adjustments in the setting of a rapidly responding thermostat. 
The more slowly responding mechanisms are in some sense “deeper” 
properties of the organisms, involving more widespread adjustments of 
various properties of the individuals and the population (cf. Bateson, 
1963). 

Gene fsequency changes in this scheme would appear as last resort 
responses to essentially permanent environmental changes. The process 
of speciation is a special case of gene frequency changes in allopatric 
populations. 

The adjustment mechanisms and their hierarchical interactions can be 
demonstrated in part for many organisms, and in some cases it can be 
shown that flexibility is in fact restored by the adjustment processes. 
Nevertheless, stating the case as strongly as I have done here involves 
frank speculation. 

While it may be speculative itb is not merely a semantic exercise. This 
can be shown in two ways. 

First, empirical predictions are generated. For example, it would be 
predicted from this scheme that short-lived organisms would tend to 
have genetic systems involving higher expressivity than related long- 
lived organisms. It would also be predicted that speciation and extinction 
of populations would always be accompanied by relatively rapid and 
permanent environmental changes. 

Second, alternative speculations mvolving the goals of the evolu- 
tionary process are denied. If the mechanism I have outlined is valid, 
then the absence of morally and philosophically satisfying conclusions 
about the ultimate meaning of evolutionary history are not weaknesses 
of biological theory nor are they due to a shortage of biological facts. 
They are simply wrong. Evolution, in fact, is simply a consequence of 
the general homeostatic ability of organisms combined with the bio- 
chemical properties of genetic material. 
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POLYMERIC SULFUR AND OTHER 
POLYSULFIDE POLYMERS 


. By ARTHUR V. TOBOLSKY 


HEN rhombic sulfur is heated in a sealed evacuated tube it first 
WW ielts to a pale yellow liquid at 113°C. This liquid consists primarily 
of S; rings. It is a liquid of normal low viscosity, and the viscosity de- 
creases slightly with increasing temperature up to about 159°C. At this 
point, there is a fairly abrupt and very large increase in viscosity, fol- 
lowed by a gradual decrease at still higher temperatures, as shown in 
Figure 1. The viscosity changes are completely reversible {1}. The tem- 
perature of 159°C. is regarded as a transition temperature or floor tem- 
perature for reasons which will soon be clarified. 


Equilibrium Polymerization of Sulfur 


This phenomenon has for long been regarded {2] as due to an equilib- 
rium between sulfur in ring form, Ss, and sulfur in a long chain polymeric 
form, —S S S 5 5 5 5 5 S S—. Gee js) considered the equilibria between 
rings and chains utilizing two separate thermodynamic treatments, one 
valid below the transition temperature and the other valid above the 
transition temperature. 

Tobolsky and Eisenberg [4] showed that the final results obtained by 
Gee could be developed from a single and simple thermodynamic theory 
valid both below and above the transition temperature. The equilibria 
considered were 


K 
Ss (ring) GS -SSSSSSSS5 - _ S(diradical) 
K3 
E Ss (diradical) + Sg (ring) + Sie (diradical) 


K3 
Sie (diradical) + Sg (ring) +> Saą(diradical) 


K: 
Ssu (diradical) + Ss (ring) & Seca4n(diradical) 


One notes that two different equilibrium constants are introduced, 
the constant K for initiation (opening of the ring) and the constant K; for 
propagation (addition of ring to diradical of any size). 

By simple application of the law of mass action (using moles per kilo- 
gram as the concentration unit) the following two equilibrium equations 
were derived which are valid at all temperatures: 
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Fig. 1. Viscosity versus temperature for sulfur in the region of transition. 


P = 1/1 — K:M) (1) 
M, = M + KM/G — K3M) (2) 


In equations (1) and (2) the following symbolism is used: P is the 
number average degree of polymerization (in S units) of the polymeric 
diradicals, M is the equilibrium monomer (S; ring) concentration and Mo 
is the total concentration of Ss units in both monomer and polymer. 
The quantity Ma. is therefore a constant equal to 3.90 moles per kilo- 
gram. 

The quantities K and K; are equilibrium constants which are functions 
of temperature only. They are given by the following van’t Hoff equa- 
tions: 


= ee u om 
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Fie. 2. Degree of polymerization versus temperature for sulfur in the region of 
transition. 


In K = —AH/RT + AS/R (3) 
In K; = —AH;/RT + AS/E 

AH 32,800 cal/mole AS = 28 cal/deg. mole 

AH; 3170 cal/mole AS; = 4.63 cal/deg. mole 


It is quite remarkable that equations (1), (2), and (3) give a complete 
description of Gee’s P versus T and M versus T curves, including the 
appearance of a sharp transition at 159°C. The results are shown in 
Figures 2 and 3. 

The ring chain equilibria in selenium have been analyzed in a similar 
manner {5}. Copolymerization of sulfur and selenium has been success- 
fully explained [5a]. 


i 
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Quick-Quenched Sulfur 


When molten sulfur is heated above 159°C., preferably to 200°- 
250°C., and then rapidly quenched to a temperature of about —20°C., 
a transparent elastic substance is obtained. This easily performed experi- 
ment is a favorite lecture demonstration in freshman chemistry courses. 
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Fig. 3. Equilibrium monomer concentration versus temperature for sulfur in the 
region of transition. 


Unfortunately “elastic sulfur” hardens when kept at room tempera- 
ture, with formation of visible crystals of rhombic sulfur, If this sub- 
stance is now extracted by CS: a portion of the sulfur dissolves as Ss 
rings. The remainder of the sulfur is insoluble in CS, and for many years 
has been recognized as polymeric sulfur. 
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Until very recently, the hardening of elastic sulfur at room tempera- 
ture with the formation of visible crystals of rhombic sulfur has been re- 
garded as a reversion of polymeric sulfur to rhombic sulfur. Although 
reversion of polymer to ring occurs rapidly at higher temperatures such 
as 90,°C., the reversion at room temperature is quite slow. The rapid 
hardening at room temperature arises from a different mechanism. To 
explain this one must consider more carefully the composition and 
structure of quick-quenched sulfur. 

In the temperature range of 200~250°C., at which the sulfur is heated 
before quenching, it consists of a liquid mixture of S, rings and long 
chains. A quick chilling of the sulfur accomplishes two results: it 
“freezes” the equilibrium between ring and chain, characteristic of the 
high temperature mixture; we have shown that it also freezes the amor- 
phous or liquid-like physical state of this mixture {6}. This mixture has a 
glass transition temperature of about —30°C. If kept below this tem- 
perature, the chemical and the physical state of this mixture will remain 
stable for indefinitely long periods of time. 

Below the glass transition temperature of amorphous materials these 
substances are in a “frozen” though not crystalline condition. The mo- 
tions of molecules or molecular segments are restricted to short range 
vibrations, and changes in the chemical or physical state of the substance 
occur extremely slowly. Amorphous substances are hard and glassy 
(high modulus of elasticity) below their glass transition temperatures. 
Amorphous substances of low molecular weight are liquid above their 
glass transition temperature; amorphous substances of high molecular 
weight (polymers) are rubbery above their glass transition temperature. 

Above —80°C., the quick-quenched amorphous mixture of sulfur is 
in a rubbery state because the Ss rings which are in a metastable liquid 
state are acting as a plasticizer for the polymer and thereby lowering 
the glass transition temperature to — 30°C. i6]. 

The pure polymer, which can be obtained by extracting the quick 
quenched sulfur with CS, has a glass transition temperature of about 
75°C. {6}. The polymer is actually sold under the trade name of Crystex. 
This substance is by no means rubbery at room temperature. 

The hardening of elastic sulfur above its glass transition temperature 
occurs, not because of a reversion of polymer to rhombic sulfur, but be- 
cause the dissolved $s in its metastable liquid condition is not soluble 
in the polymeric sulfur. It crystallizes out as rhombic sulfur. The mixture 
of polymeric sulfur interspersed with small crystals of rhombic sulfur is 
not rubbery. The polymeric sulfur may also change from an amorphous 
to a semicrystalline condition. 

Polymeric sulfur does revert to rhombic sulfur fairly rapidly above 
90°C. The specific rate constant for the cleavage of the polysulfide 
linkage has been obtained from studies of organic polysulfide polymers, 
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Polysulfide Polymers 


Polysulfide polymers can be obtained by reacting a suspension of an 
organic dihalide such as CICH,CH:Cl in aqueous sodium polysul- 
fide {7}. The suspension is facilitated by use of a small amount of weak 
wetting agent. ‘ 

We have prepared crosslinked rubber networks by reacting ethylene 
dichloride, Cl CH,-CH.Cl, and small amounts of 1,2,3 trichloropropane, 
Cl CH:-CHC1- CHCl, with sodium tetrasulfide. The structures pro- 
duced are networks of the following kind: 


--CH.CHLSSSS CH2CH.SSSS CH:-CH:SSSS vee CHSSSS CH2CH.SSS5— 


S 
S 


D 
—CH:CH:SSSS m CHLSSSS CH-CH:SS5S CHCH CH-SSS5 CH:CH,SSSS— 


TATA In 


The polymer is produced in the form of coagulated crumb. Consider- 
ing that it is a crosslinked infinite network it is surprising that this 
crumb can be readily compression-molded into rubber sheets at 130°C. 
This is possible because the tetrasulfide lmkages are labile; they break 
and reform very readily at this temperature. 

We have determined the specific rate constant for the cleavage of the 
tetrasulfide linkage m a quantitative manner by the use of the tech- 
nique of stress decay at constant extension [8s]. The rubber is stretched 
to a fixed length and the stress required to maintain that length is 
measured as a function of time at various temperatures. The decay of 
stress is a reflection of the breaking and reforming of the tetrasulfide 
linkage. By analysis of the stress relaxation data we have found that 
the specific rate constant for the homolytic cleavage of the tetrasulfide 
linkage Is [8]: 


k’ = 5.86 X 10? exp (—25.9 keals/RT) sec™! (4) 


By comparing polymers prepared from sodium disulfide rather than 
sodium tetrasulfide we have determined that the disulfide lmkage is 
much more stable than the tetrasulfide or trisulfide linkage [9, 10}. A 
possible explanation for this result is that the cleavage of a trisulfide or 
tetrasulfide linkage may be stabilized by the formation of a three elec- 
tron sulfur-sulfur bond, whereas this is not possible for a disulfide link- 
age. 


—Ssss— = —SS-+ -SS— = —S---S+8---S— 


Studies of the viscoelastic properties of polymeric sulfur slightly cross- 
linked with arsenic (11) or with phosphorus [12] also indicate that inter- 
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change reactions are occurring amongst the polysulfide linkages of these 
networks. 


Sulfur as a Plasticizer for Polysulfide Polymers 


We were able to verify our postulate that liquid sulfur can exist in a 
metastable supercooled state in the presence of polymers other than 
polymeric sulfur {131 We prepared the crosslinked coagulated crumb 
from ethylene dichloride, 1,2,3 trichloropropane and sodium tetrasul- 
fide. Sixty parts by weight of this was then admixed with 40 parts of 
elemental rhombic sulfur. The mixture was compression molded at 
130°C. to give transparent rubbery sheets. This composition was in- 
definitely stable. No rhombic sulfur was observed to crystallize out on 
the surface after 18 months of storage at room temperature. Some 
rhombic sulfur did crystallize out of the 50-50 mixture after two months. 

The sulfur in this sheet was present in elementary Ss ring form; it 
did not enter the polysulfide cham. It was completely extractable with 
CS, at room temperature. 

The elemental sulfur was present in the sheets in a liquid condition. 
This was verified by measuring the specific volume of the unplasticized 
polymer and the plasticized polymer. Using a simple additivity law, one 
could determine the specific volume of the dissolved elemental sulfur. 
This agreed very well with the specific volume of ring sulfur in its liquid 
state obtained by extrapolating the specific volume data for liquid sulfur 
to room temperature. 


Summary 


Elemental sulfur exists in many chemical forms (rings, chains) and 
also in a variety of physical states. The supercooled liquid state of the 
ring structure, Ss, is of especial interest. The lability of the polysulfide 
linkage is very great. This accounts for the rapid establishment of ring- 
chain equilibria and also for the reactivity of sulfur with other sub- 
stances. 
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DNA AND THE CHEMISTRY OF 
INHERITANCE 


By BARRY COMMONER 


IVING organisms are unique, among the known forms of* matter, 
because they are capable of creating their own specific, highly 
organized structure out of substances taken from far more disorganized 
surroundings, and can transmit this capability to their offspring. Per- 
haps the oldest and most profound theoretical problem in biology is the 
effort to explain the curious paradox that, despite its unique capability 
for self-duplication and inheritance, a living organism is nevertheless a 
mixture of substances which are separately no more possessed of these 
properties than are the more prosaic molecules that never occur in living 
cells. This question has been at the root of a long train of experiments, 
debates, and speculations that begins in classical times and continues 
unbroken through the development of present-day ‘‘molecular biology.”’ 
The basic issues are simply stated. If the component parts of a cell 
are not themselves alive, whence come the life-properties exhibited by 
the whole? Apart from the untenable notion of a mystic non-material 
‘vital force” which supposedly animates the otherwise dead substance of 
the cell, the debate has elicited two main positions: (a) There is, in 
fact, some special cellular component which possesses the fundamental 
attribute of self-duplication, and which is therefore a “living molecule” 
and the basic source of the life-properties of the cell. (6) The unjque 
properties of life are inherently connected with the very considerable 
complexity of living substance and arise from interactions among its 
separable constituents which are not exhibited unless these components 
occur together in the complex whole. In this view, only the entire living 
cell is capable of self-duplication. 

There is at this time a widespread impression that this issue has now 
been resolved and that the cell does indeed contain a component— 
DNA—which, according to the theory of the “DNA code,” possesses 
the basic attribute of life, self-duplication, and which guides the ac- 
tivities of all the inheritable processes of the cell. 

The importance of this conclusion is self-evident, for it would answer, 
at last, the basic question of the origin of the unique properties of life, 
and, if correct, should lead to unprecedented technological control over 
these properties. It is appropriate, therefore, to ask what criteria are 
required to establish that a molecule, such as DNA, is capable of self- 
duplication, to examine the degree to which the available evidence 
meets such criteria, and to determine whether the undoubted importance 
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of DNA in the biology of inheritance may be due to some properties 
other than those attributed to 1t by current theory. 

The present paper is a summary of some considerations of these ques- 
tions. In it, I shall develop evidence which indicates that, despite the 
widespread conviction to the contrary, the theory of the “DNA code” 
does not explain the biological property of self-duplication or provide a 
description of the role of DNA in the cell and its relation to inheritance 
which adequately accounts for all the relevant data. These considerations 
also lead to certain new proposals which help to remedy these defects, 
and which suggest new experiments that may contribute to a further 
elucidation of the processes of self-duplication, development, and in- 
heritance. 


The Problem 


The basic problem to be examined is the molecular origin of an ap- 
parently unique property of living organisms—self-duplication. Since 
self-duplication is a concept of biological origin, it is appropriate that 
criteria for determining that such a process exists be derived from bio- 
logical evidence. 

A typical biological self-duplicating system consists of a specific cell, 
and the environmental constituents (for example, water and nutrients) 
that are essential if growth and replication are to occur. According to 
the concept of self-duplication, only one of the several constituents of 
such a system—the cell—is the source of the inheritable specificity 
that appears in the daughter cells which are the product of the replica- 
tive event. The parent cell is regarded as being capable of self-duplica- 
tion. because it is the sole source of the transmissible specificity of the 
daughter cells. Other constituents of the system, such as water and nu- 
trients, are also essential to the replicative event, but, unlike the parent 
cell, they do not appear to contribute transmissible specificity to the 
products of that event. Thus, in determining whether a particular agerit 
is capable of self-duplication, the chief issue is the source of the in- 
heritable biological specificity which is transmitted to the progeny of the 
replicative event in which it participates. 

Recent progress in the analysis of biochemical changes associated with 
the inheritance of biological characteristics establishes useful connections 
between biological specificity and the properties of biochemical systems. 
For example, a number of specific biological characteristics, such as the 
ability to grow in a particular medium, have been shown to result from 
the presence or absence in the organism of an enzymatic protein of 
specified structure. There is also evidence that the specific structures of 
other macromolecules, such as nucleic acids and polysaccharides are 
inherited, as are patterns of biochemical reactivity, or metabolic path- 
ways. 


DNA AND THE CHEMISTRY OF INHERITANCE 367 


In general, then, at least some of the inheritable characteristics of 
living organisms are known to arise from the biochemical specificity of 
the cell. Such biochemical specificity occurs in two major forms: molec- 
ular structures and molecular reactions. -‘Structural, or static, bio- 
chemical specificity is represented by the particular order of the çon- 
stituent residues that comprise linear polymers such as nucleic acids 
and proteins; other aspects of these molecules’ structures, such as their 
secondary or tertiary configurations, are usually directly dependent on 
the primary structure, or order of residues. In such molecules, a very 
large number of primary structures (i.e., different sequences of the 
residues comprising the polymer) have equal thermodynamic probability, 
so that the static specificity of a given molecule represents the choice of 
a particular sequence among very many possible ones. 

Cells also possess kinetic biochemical specificity which is represented 
by the preferentia] occurrence of particular reactions of the immense 
number that are thermodynamically possible among the cell’s numerous 
reactive constituents. Such kinetic biochemical specificity is represented 
by a particular metabolic pathway such as the Krebs cycle or the series 
of reactions which lead to the synthesis of a particular amino acid from 
carbon and nitrogen sources. Defined in this way, biochemical speci- 
ficity is equivalent to the term “information content” as employed in 
recent discussions of molecular aspects of genetics. 

The establishment of either static or kinetic biochemical specificity re- 
quires the regulation of the rates of the relevant intracellular reactions. 
Such regulation determines which ones of the possible alternative reac- 
tions actually occur at appreciable rates in the cell, and thereby govern 
the outcome of cellular chemical events. It will be useful, in what follows, 
to refer to a cellular agent that is capable of such regulation as a regula- 
tory component, its participation in the chemistry of the cell bemg indi- 
cated by the symbol (=> ). If a regulatory component or system is also 
capable of determining the specificity of tis own synthesis, then the regu- 
latory agent is itself replicated, and therefore may be transmissible in 
inheritance. An agent with these properties will be termed a germinal 
component or system, and its participation indicated by the symbol 
(=P ). The participation of a component, or system, which is essential to 
a biochemical process, but which nevertheless does not contribute any 
specificity to the product will be indicated by the symbol (—P ). These 
relationships, which are summarized in Figure 1, are useful in an 
analysis of the origins of static and kinetic biochemical specificity. - 

The general problem to be solved in a molecular analysis of self- 
duplication and inheritance is the identification of the germinal com- 
ponents, or systems, which govern the biochemical specificity of the 
cell. In order to avoid a priori assumptions regarding the properties 
of this class of components, it is useful to consider first the properties of 
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the more general class of regulatory components, and then to determine 
which members of the class conform to the additional requirements of a 
germinal component, or system. 


Regulatory Components 


The extensive literature of biochemistry, in particular recent analyses 
of metabolic control t}, provides fairly detailed evidence about the 
mechanisms .which regulate kinetic biochemical specificity. A simple 


DETERMINATION OF SPECIFICITY 


Relationship p Meaning 

R —p>B R is necessary for process B, bul doas not determine its specificity. 
A——?tB A determines tha specificity of B, A is o togulatory component 
A=SDaA A determines the specificity of A,A is capable of “sull-duplication,”. 
Am? B A determinas the specificity of bolh B & A;A is a germinal component, 


AS, A&Z are both nscessory for process B, 
7 AN but only A determines the specificity of B. 
AS 
a B The specificity of B is derived from bolh A& Z. 
Z 
A% 
a À Tha specificity of A is derived from both A& Z. 
Z A 
ASN 
AtZ The specificities of both A&Z ate derived from both A & Z. 
7” 


OR 


The system {A+Z) is germinal; 


(A+ Z) =P (A+ Z) 


neither A nos Z alone is germinal or “seli-duplicating.” 


Fig. 1. Diagram to summarize definitions of symbols for nonregulatory par- 
ticipants, regulatory and germinal components of systems involving transfer of bio- 
chemical specificity. 


and well-known example is summarized in Figure 2. In organisms such as 
yeast and lactobacillus, which are genetically restricted to the glycolytic 
production of alcohol and lactic acid respectively, this kinetic specificity 
is achieved by the activity of specific enzymes of the cell. Both paths 
involve the same initial reactants (pyruvic acid and DPNH). In yeast, 
which has a considerable concentration of the enzymes pyruvic decar- 
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boxylase and alcohol dehydrogenase, the reaction leads exclusively to 
alcohol production. In lactobacillus, another enzyme, pyruvic dehydro- 
genase, predominates so that lactic acid is the main product of glycolysis. 
This example symbolizes the well-established generalization that en- 
zymes, which greatly accelerate specific reactions, are powerful regula- 
tors of kinetic biochemical specificity. It illustrates how the static 
specificity of the enzyme protein (on which its catalytic activity de- 
pends) is transmitted to the kinetic specificity of the cell. a 


ALTERNATIVE METABOLIC PATHWAYS 
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+ 

DPNH Ge, DPNH ———-——- Lactic acid 
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decarboxylase 4 dehydrogenase 

Alcohol 

dehydrogenase 


Vig. 2. Diagram to illustrate a simple example of the regulatory effect of enzyme 
specificity on the determination of kinetic specificity in a metabolic system. Symbols 
in lower diagram are in accordance with definitions summarized in Fig. 1. 


When both of the foregoing sets of enzymes are active in a cell, regula- 
tory effects must be localized in some other component of the system. 
Krebs 2] has shown that when an agent, such as DPN/DPNH, which 
serves as an essential coenzyme in the activity of both alcohol and lactic 
dehydrogenase, 1s shared among several metabolic processes, individual 
processes may predominate at a particular concentration of the agent. 
Thus, in the case illustrated in Figure 2, at sufficiently low concentrations 
of DPNH, we may expect the reduction of pyruvic acid to lactic acid to 
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proceed to the exclusion of the alternative pathway, for, although both 
lactic and alcohol dehydrogenase are present, the dissociation constant 
with respect to DPNH of the former is smaller by an order of magnitude. 
Hence, under these conditions, the coenzyme reacts preferentially with 
one of the two available enzymes, and one of the two possible metabolic 
pathways is enhanced. 

An extensive family of similar regulatory effects is known, especially 
with reference to carbohydrate catabolism {3}. A summary of these ef- 
fects leads to certain useful generalizations: (a) While enzymes are power- 
ful regulatory components, those which catalyse basic processes in 
carbohydrate catabolism, e.g., dehydrogenases, are often present in 
excess and are therefore incapable of regulating changes in the course of 
metabolism which accompany specific physiological events. (b) Catalyti- 
cally active intermediates, especially those which are involved in several 
metabolic processes are often present in low concentrations, which, by 
limiting the rate of certain possible alternative reactions, determine the 
predominant metabolic pathway. (c) Nucleotide coenzymes and phos- 
phate carriers, which are often decisive branch points in metabolism, 
are particularly important determinants of metabolic pathways. (d) 
Important regulatory effects are also exerted by the balance between 
alternative chemical states of catalytic intermediates (e.g., DPN/ 
DPNH, TPN/TPNH, and ADP/ATP balances), which are in turn 
closely associated with the over-all rates of metabolic degradation of 
carbohydrate starting materials. (e) The synthesis or activity of enzymes 
involved in the formation of certain metabolic end products may be 
regulated by feedback systems governed by the concentrations of these 
end products. 

There is a growing literature concerning the origin of the static bio- 
chemical specificity embodied in the nucleotide sequence of nucleic acids 
and in the amino acid sequence of proteins. Since these problems are, 
of course, central to a subsequent consideration of the nature of germinal 
components, discussion of them will be deferred, except to note here 
that the relevant observations introduce a new type of regulatory com- 
ponent, the nucleic acids primers, or “templates,” which participate in 
the determination of the biochemical specificity of these polymers. 

Thus, the following general types of components and systems may 
serve as regulators, i.e., as determinants of kinetic or static biochemical 
specificity: (a) enzymes, (b) nucleic acid “templates,” (c) the concen- 
trations of catalytic metabolic intermediates, especially nucleotides, 
(d) the concentrations of biosynthetic end products. Which of these 
classes of regulators also determine the specificity of their own synthesis 
and are therefore capable of serving as germinal agents? 

Since the present paper is restricted to a consideration of the germinal 
role of DNA, further discussion will be confined to those regulatory 
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TRANSFER OF DNA SPECIFICITY 


ACCORDING TO CODE THEORY 
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Fig. 3. Upper diagram illustrates the transfer of biochemical specificity in the sys- 
tem proposed by the theory of the DNA code, which holds that the biochemical speci- 
ficity of DNA. (its nucleotide sequence) is the sole source of specificity in the replica- 
tion of DNA and in the synthesis of protein, the specificity of the latter determining a 
particular inherited metabolic pathway. In this scheme, DNA is itself a germinal 
self-duplicating component and the sole source of the cell’s inherited biochemical pat- 
tern. 

B) Lower diagram illustrates modification of the system suggested by the evidence 
discussed in the text. This scheme illustrates the consequences of evidence that part of 
the biochemical specificity of DNA originates in the polymerase enzyme which cata- 
lyzes DNA synthesis, and possibly in the relative availability of the several requisite 
nucleotides. Also shown is the effect of contribution of specificity originating in 
amino-acyl RNA synthetase, an enzyme essential to protein synthesis. Jn this 
scheme DNA is no longer the sole source of biochemical specificity for either DNA or 
protein synthesis; it is neither a germinal, self-duplicating component, nor the exclu- 
sive determinant of the cell’s biochemical specificity. Instead, these effects have a 
multi-molecular origin and the entire system requires pre-existing specificity in both 


DNA and at least two protein enzymes. Symbols according to definitions given in Fig- 
ure 1, 


processes which may mediate,the participation of DNA in inheritance. 
This limitation should, however, be recognized as an arbitrary ex- 
pedient; it is not intended to imply that only DNA can serve as a 
germinal component. Indeed, as will become apparent later, we shall be 
required seriously to modify this simple concept. 
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The Theory of the DNA Code 


There is a well-known theory that DNA governs biological inheritance 
because the static specificity of its molecular structure—the sequence of 
nucleotides in a particular segment of DNA—is the sole source of both 
the static specificity of newly synthesized DNA and of the kinetic 
specificity of particular metabolic reactions in the cell. The scheme pro- 
posed by tle theory of the DNA code is summarized in Figure 3A, using 
the symbols defined earlier. The theory leads to the notion that DNA is 
a “self-duplicating molecule” because it holds that DNA is the only 
source of the specificity of newly synthesized DNA. Moreover, ac- 
cording to this scheme, the static biochemical specificity of a given 
protein, which is due to its amino acid sequence, arises ultimately from a 
single source—the nucleotide sequence of a particular DNA segment. 
These conclusions are, however, valid only if it can be shown that no 
other regulatory components participate in DNA synthesis or in the 
processes which intervene between the DNA “template” and the syn- 
thesis of a particular protein. It becomes important, therefore, that the 
experimental evidence be scrutinized with this question in mind {4}. 

Three classes of components are operative in in vitro DNA synthesis: 
The DNA primer or “template,” the DNA polymerase enzyme and the 
necessary deoxyribonucleotides. That the biochemical specificity of the 
newly formed DNA (Le., its nucleotide sequence) is under the partial 
control of the primer is evident from a number of Kornberg’s observa- 
tions of similarities in the composition of primer and product DNA 55}. 
However, the correspondence is not always complete, and in any case 
no method yields more than very scattered data regarding nucleotide 
sequence. Moreover, it has not been possible conclusively to demon- 
strate the actual replication of a biologically active DNA in this system. 
Thus, evidence from in vitro synthesis of DNA shows that the primer 
DNA is a regulatory component in this process and influences the bio- 
chemical specificity of the DNA product. But there is no direct evidence 
that the primer exerts the total control over the specificity of the prod- 
uct, which is required of a germinal component [6]. 

The conclusion that DNA is a self-duplicating germinal component 
also calls for the negative demonstration that the DNA polymerase en- 
zyme, which is an obligate participant in DNA synthesis does not con- 
tribute to the biochemical specificity of the product (i.e., its nucleotide 
sequence). However, certain experiments with the DNA polymerase 
system, reported by Kornberg and his collaborators, lead to the em- 
pirical conclusion that the enzyme may also contribute specificity to 
the DNA product. 

When the enzyme, DNA polymerase, is added to a mixture of deoxy- 
adenylic and deoxythymidilic acids, in the absence of a DNA primer, 
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DNA synthesis is observed after a lag period {7}. The product is an A-T 
copolymer with a regular alternating sequence of nucleotides: 
ATATAT... When a corresponding experiment is performed with a 
mixture of deoxyguanylic and deoxycytidilic acids, two polynucleotide 
products are formed: ...GGGG...and...CCCC. .. . In these cases, each 
of the DNA products has a regular and quite specific, albeit simple, nu- 
cleotide sequence and therefore possesses biochemical specificity. 
Since DNA primer is absent, this specificity must originate in the en- 
zyme, which, in the absence of a primer, appears to catalyze specifically 
certain Internucleotide bonds. 

These results indicate that, in a system which synthesizes DNA in 
the presence of primer and enzyme, both of these constituents may be 
expected to contribute to the specificity of the DNA product. Direct 
evidence of the dual origin of DNA specificity in such a system requires 
observation of the effects of experimental variation of the specificity of 
the two components on the nucleotide sequence of the DNA product. 
While the absence of the necessary techniques precludes complete data 
on DNA nucleotide sequence, evidence regarding over-all nucleotide 
composition, the variation of which must reflect gross changes in the 
nucleotide sequence, is available. Lehman, et al [8s], have reported the 
nucleotide composition of DNA produced when primers derived from 
several different biological sources are added to a system based on 
polymerase from J. coli. If either total E. cols DNA, or DNA from the E. 
coli-specific T2 bacteriophage, is used as primer in the E-coli poly- 
merase system, the A + T/G + C ratio of the product differs from that 
of the primer only by 5 and 1 per cent, respectively. However, when the 
primer is derived from M. phlei, the A + T/C + G ratios of primer 
and product differ by 20 per cent of the primer value; with 1 aerogenes 
primer, the difference is 25 per cent; with calf thymus primer the dif- 
ference is 17 per cent. This is evidence that the relatively precise replica- 
tion of the primer whicocçgur^in the.hpmologous system depends both 
on the specificity of th. H on the specificity of the DNA 
polymerase enzyme. | 

There is relatively little evidence regarding the possible regulatory 
effects of the available nucleotides on the biochemical specificity on 
DNA. In vitro experiments show that five-fold variations in the relative 
proportions of deoxythymidilic or deoxyadenylic acid have no dis- 
cernible effects on the nucleotide proportions of the product {5}. How- 
ever, certain in vive experiments suggest that a severe deficiency in deoxy- 
thymidilic acid may induce alterations in DNA nucleotide sequencejg}. 

According to the conventional theory, the ordering of amino acid 
sequence in the protein is determined by the nucleotide sequence of the 
‘messenger’ RNA, a distinctive nucleotide pattern in the latter having 
an affinity for a particular one of the twenty-odd “transfer” RNA’s, 
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thereby achieving the appropriate positioning of the amino acid uniquely 
associated with a given tRNA unit. The theory of the DNA code re- 
quires that, of the several components of the system which participate 
in the assembly of the protein’s amino acid sequence, only the messenger 
serves ag a source of protein specificity (i.e., its amino acid sequence). 
If any other source of specificity were to intervene, then the basic con- 
clusion of the theory, that protein specificity (and therefore metabolic 
control of the cell) is wholly determined by DNA nucleotide sequence, 
fails. It is appropriate, therefore, to consider the available evidence re- 
garding the origins of the specificity which regulates the ordering of 
amino acid sequence In protein synthesis. 

A crucial test of this question has recently been reported by Barnett 
and Jacobson {10), who examined the influence of synthetases derived 
from two different species on the specificity of amino acid attachment to 
particular tRNA’s isolated fiom one of them. They find that soluble 
RNA from E. colt contains only a single tRNA component which is 
charged specifically with phenylalanine by the action of E. coli syn- 
thetase. However, when the synthetase is derived from N. crassa, three 
separable tRNA units found in soluble E. coh RNA become charged 
with phenylalanine: (a) One E. colt RNA fraction is specifically charged 
with phenylalanine by both the Æ. colt and N. crassa enzyme. (b) A 
second J. colt RNA fraction is charged with either phenylalanine or 
alanine by the N. crassa synthetase, but is not affected by the E. coli 
enzyme. (c) A third E. coli RNA fraction is charged with phenylalanine 
by the N. crassa enzyme, but is not acted upon by the comparable Æ. 
coli enzyme. The authors regard these observations as evidence for 
“Interspecies degeneracy, ambiguity, and lack of universality in this 
coding system.” 

In sum, the present evidence concerning the reactions involved in the 
development of the specificity finally embodied in proteins does not ap- 
pear to preclude the partie<¢--n of Arees nf _ Specificity not derived 
from DNA nucleotide seq’ 22 sat a single gene muta- 
tion may give rise to a single @ nire 9 on ange in a protein are often 
cited in support of the conclusion br otein amino acid sequence 
is completely determined by DNA nucS6tide sequence. However, these 
effects are exhibited only by entire living systems. The only rigorous 
conclusion that may be derived from such data is that DNA specificity 
exerts a regulatory effect on amino acid sequence. But no in vivo ex- 
periment rules out the participation of other sources of specificity, for in 
all cases the altered DNA is effective only when present in a highly spe- 
cific cell. 

Figure 8B shows how the additional sources of biochemical specificity 
indicated by the evidence just brought forward would affect the con- 
ventional system. DNA specificity is no longer wholly self-determined, 
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but depends on DNA nucleotide sequence and on the specificity,of the 
polymerase (and perhaps oñ the relative concentrations of free nu- 
cleotides as well). Similarly, the specificity of a protein is determined not 
only by DNA nucleotide sequence (transmitted via “messenger” RNA), 
but also on the species-specificity of the synthetase. j 

Accordingly, the systems which govern both the specificity of protein 
synthesis and of DNA synthesis are fundamentally circular in rature. 
Although protein specificity is derived, in part, from DNA specificity, 
the latter is, in turn, partially dependent on the protein specificity of 
the DNA polymerase, which is itself dependent on the specificity of at 
least one other protein, the amino-acyl RNA synthetase. The system is 
operative as a self-sufficient source of specificity for DNA and for pro- 
teins only if DNA with a specific nucleotide sequence, and at least two 
proteins which possess species-specificity (polymerase and synthetase) 
are already present. This situation prevails in the intact cell. It can 
apparently be imitated with varying degrees of success in im vitro 
systems which derive all of the necessary components from the same biolog- 
ical source, and thereby retain at least some of the complex sources of 
specificity which are present in the living cells of a given species. As indi- 
cated by a comparison of Figures 3A and 3B, the net éffect of the introduc- 
tion of these additional sources of biochemical specificity is to negate the 
simple conclusion that DNA is by itself a germinal, self-duplicating com- 
ponent or that DNA is the sole source of the biochemical specificity, 
embodied in proteins, that regulates the specificity of cellular metabolic 
processes. i . 

A number of experiments show that the introduction of DNA (e.g., 
bacterial transforming agents) into an appropriate host cell can induce 
in the latter the appearance of a new operational genetic agent. This 
result does not conflict with the foregoing conclusion. A given DNA 
transforming agent is effective only when introduced into a living cell 
of the appropriate type. Hence, replication of the agent may depend on 
specificity contributed by the host cell. 

Nevertheless, it remains true that, thus far, only DNA can serve as an 
agent of experimental genetic transformation. If, as suggested, proteins 
share with DNA an ability to determine inheritable biochemical speci- 
ficity, should it not be possible to achieve genetic transformations with 
proteins rather than with DNA? Yet, such effects have not been observed 
and it is necessary to account for this fact. The following considerations 
suggest that this empirical observation may be due to a secondary dif- 
ference between the status of DNA and of proteins in the cell rather 
than to any basic difference in their capabilities as regulators of bio- 
chemical specificity. 

The evidence of genetics shows that DNA agents which are the carriers 
of typical Mendelian effects are present in the cell in only one or two 
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replicas; i.e., they are non-redundant. Hence, an invading DNA agent, 
such as transforming DNA, can readily compete with the DNA-borne 
genetic agents pre-existing in the host cell, or failing that, appear in an 
appropriate proportion of subsequent daughter cells unaccompanied by 
the indigtnous agents. Thus, the striking genetic effect of an invading 
DNA agent is due not only to its regulatory capability, but also to the 
low level of multiplicity of the cell’s normal DNA-borne genetic agents 
with which it must interact. 

However, in the case of a protein, for example, polymerase, matters 
are very different. A single cell probably contains hundreds or more of 
separate molecules of a particular enzyme. For this reason, an invading 
polymerase molecule with a specificity differing from that of the host 
polymerase, despite its postulated ability to contribute to the specificity 
of DNA synthesis, is not likely to have a noticeable effect on the bio- 
synthetic activity of the invaded host cell, and little chance of becoming 
segregated out as the dominant form of the polymerase population of any 
daughter cells. Hence, no genetic effects are discernible. Nevertheless, 
such an observation does not prove that the polymerase is incapable of 
contributing to the specificity of DNA synthesis. 

Thus, DNA is uniquely capable of transmitting discernible genetic 
effects because of its unique lack of redundancy in the cell—and not be- 
cause it is the only molecular constituent of the cell which governs 
biochemical specificity. Indeed, these considerations suggest that it 
might be possible to achieve genetic transformations with a protein 
agent-—providing that some means could be found for artificially re- 
ducing the normally high level of redundancy of proteins in the cell. 
Such experiments might be possible by previously starving cells, by 
using inhibitors to reduce the amount of protein which they synthesize, 
or by using cells that are so small that protein redundancy is sufficiently 
low to permit the genetic expression of new types of protein experi- 
mentally introduced into them. 


Non-template Functions of DNA 


There is reason to doubt that any germinal system—including the 
modified scheme just discussed——in which DNA serves as a “template” 
source of the static specificity of cellular enzymes can fully account for 
the participation of DNA in the biology of inheritance. The inadequacy 
of such schemes is suggested by the following considerations among 
others [11]: (a) If inherittable control of metabolism is based only on 
regulation of the synthesis of particular enzymatic proteins, one can 
account for qualitative all-or-none effects of typical Mendelian in- 
heritance. However, it is much more difficult to explain the inheritance of 
quantitative effects on the inheritance of biochemical and biological 
characteristics without assuming additional regulatory effects. (b) A 
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significant proportion of the DNA in the cells of higher organisms (that 
contained in heterochromatic portions of the chromosomes) carries ex- 
ceedingly few or no genes with all-or-none effects of the type which can 
be accounted for by template mechanisms. Nevertheless, such chromo- 
some segments have important, rather generalized and quantatative 
genetic effects (see Goldschmidt [12], for a general discussion) ; their very 
retention by organisms argues for some biological function. (c) Evi- 
dence regarding the species-specific DNA contents of different organisms 
does not conform to the expectation, based on the assumption that each 
biological character is determined by a DNA template of some fixed 
size, that more advanced and genetically complex organisms ought to 
possess correspondingly large cellular DNA contents. 

Accordingly, it is useful to consider whether DNA plays some role in 
biological inheritance, other than providing templates which participate 
in regulation of protein specificity. Moreover, it will be recalled that the 
regulatory components operative in Jiving systems include a class of 
constituents—the free nucleotides—which bear an important relation- 
ship to nucleic acids. Free nucleotides serve as precursors in nucleic acid 
synthesis, so that one may anticipate a possible interaction between the 
availability of free nucleotides for regulatory roles in metabolism, and 
the biosynthesis of nucleic acids. These considerations suggest an in- 
quiry into the possibility that free nucleotides are not only regulatory 
components, but, like the regulatory components already discussed 
(nucleic acids and proteins), participate in a germinal system. In what 
follows, evidence is summarized which supports this proposal, and which 
indicates that this new germinal system can account for genetic effects of 
DNA that are inexplicable in terms of “template” mechanisms. , 

(1) As already indicated, various free nucleotides (e.g., ADP/ATP, 
DPN/DPNH, TPN/TPNH, GTP, CTP) are regulatory components 
with respect to cellular metabolism in that their relative concentrations 
may determine the choice of alternative metabolic reactions and thus 
govern the kinetic specificity of cellular metabolism. In addition, it has 
been shown that the feedback relationship between oxidative electron 
transport and the ADP/ATP system regulates the species-specific rate 
of oxidative metabolism in the tissues of laboratory animals 13}. Hence, 
free nucleotides can be regarded as regulatory components, which de- 
termine the choice of metabolic pathway among the numerous alterna- 
tives available in the total metabolic system of the cell and the total 
rate of oxidative metabolism. 

(2) The free nucleotides of a cell, including ribonucleotides, are in 
equilibrium with the system of DNA synthesis, since a number of 
enzyme reactions are known which permit most of these nucleotides to 
be converted into the deoxyribonucleotides that are the direct precursors 
of DNA. There is direct evidence that inhibition of DNA synthesis, 
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for example, by irradiation or by antibiotics, causes marked increases 
in intra~-cellular nucleotide levels {14}. In certain embryos, sharp changes 
in nucleotide levels have been observed during periods of rapid DNA 
synthesis [15]. Moreover, the bulk of the DNA in the cell appears to be 
extraordinarily stable. For these reasons, the synthesis of DNA may be 
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Fia. 4. Diagram to illustrate inter-relationships between oxidative metabolism, 
and the synthesis of polysaccharides, proteins and nucleic acids respectively. The left 
hand part of the diagram symbolizes the activity of the enzyme system of oxidative 
metabolism, enzymes, generically, being represented by the vertical surface. Synthesis 
of polysaccharides and proteins is coupled to oxidative metabolism by the ADP/ATP 
system ;.in both cases, synthesis of the polymer requires ATP, but ADP is generated 
in the process. Since ADP concentration regulates the rate of oxidative metabolism, 
which in turn determines the ATP level, the ADP/ATP balance is maintained when 
these polymers are synthesized. Protein synthesis has a positive feedback relationship 
to oxidative metabolism, since the enzymes necessary for the latter are proteins. In 
contrast, nucleic acid synthesis not only depends on ATP (and other nucleotides), but 
also results in the sequestration of the entire nucleotide residue. Hence, oxidative 
metabolism is coupled to nucleic acid synthesis by a negative feedback rela- 
tionship. Therefore, synthesis of a very stable nucleic acid, especially DNA, 
may be expected to lower the levels of free nucleotides, and with it the rate of oxidative 
metabolism characteristic of a specific cell. 


regarded as an effective mechanism for the sequestration of free nucleo- 
tides which would otherwise be active in cellular metabolic processes. 
Hence, DNA synthesis will tend to decelerate the oxidative processes on 
which it depends; in this respect DNA synthesis has a unique relation- 
ship to oxidative metabolism. (See Fig. 4.) Even if the effect of DNA 
synthesis on the free nucleotide levels is transitory, it is likely to result 
in lasting changes in the metabolic pattern of the cell, for example, by 
feedback inhibitions mediated by the free nucleotides. Hence, we may 
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propose that the amount of DNA synthesized in the lifetime of a cell 
will determine the intracellular levels of free nucleotides, at least during 
some period of cell development, which will in turn exert a lasting effect 
on the cell’s pattern of metabolic pathways, and on its characteristic rate 
of oxidative metabolism. ; 

(3) The amount of DNA found in most cells is a fixed species-specific 
characteristic, so that the amount of DNA synthesized in the life history of 
the cell is also fixed. This fact, together with those summarized above, leads 
to the following: DNA/cell =P amount of DNA synthesized/cell => 
free nucleotide level ==> rate of oxidative metabolism and choice of meta- 
bolic pathway. Since DNA is carried by the chromosomes, which are 
regularly transmitted in inheritance, the foregoing relationships provide 
a genetic mechanism. This mechanism is based on the amount of DNA 
synthesized in the cell (and perhaps secondarily on the relative nucleo- 
tide composition of the DNA) and has no direct relation to its nucleotide 
sequence. Hence, the proposed genetic system is quite distinct from 
genetic mechanisms based on the “template” function of DNA. 

(4) Accordingly, DNA has a dual role in inheritance. The conventional 
scheme, as modified earlier, proposes that DNA nucleotide sequence in 
part determines what specific enzymes are present in the cell, and thereby 
participates in a precise regulation of cellular metabolism. The hypoth- 
esis of nucleotide sequestration proposes that, in addition, the mere 
synthesis of DNA, without regard to nucleotide sequence, determines a 
choice of metabolic processes which is mediated by intracellular con- 
centrations of free nucleotides. The sequestration system will affect 
rather general metabolic characteristics, such as the balance between 
aerobic and fermentative systems, the total rate of oxidative metabolism, 
and over-all cell size (which is generally inversely related to metabolic 
rate). It can be regarded as a kind of coarse adjustment of cellular metab- 
olism, on which are superimposed the more limited but precise effects 
of the template system. 

(5) The data of biological inheritance support the proposal of a dual 
effect of DNA on inheritance. In the cells or higher organisms, chromo- 
somal DNA appears in two forms, euchromatin and heterochromatin. 
Euchromatin is the locus of the typical Mendelian genes which affect 
specific, limited processes in an all-or-none fashion. These genes appear 
to be mediated by the action of specific enzymes, so that their effect is 
accountable by the regulation of protein structure by way of a DNA 
“template,” although the limitations on the “eode” theory already 
mentioned should be kept in mind. On the other hand, heterochromatin 
does not appear to contain typical Mendelian genes. Nevertheless, 
heterochromatin does have certain genetic effects [16], and these can be 
correlated with the proposal of DNA sequestration of free nucleotides. 
(a) Heterochromatic genetic effects are usually quantitative rather than 
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all-or-none. According to the sequestration hypothesis, free nucleotide 
levels—and consequently the cell characteristics influenced by these 
levels—are expected to vary inversely with the amount of DNA syn- 
thesized, and therefore to exhibit graded rather than qualitative effects. 
(b) Heterochromatic genetic effects are quite generalized and especially 
influence cell size, metabolic rate, and growth rate. These are features 
mediated by free nucleotide levels and thereby, according to the proposal, 
by DNA synthesis. (c) Heterochromatic segments tend to induce a high 
rate of mutation in nearby euchromatic genes. The effect diminishes with 
distance, and therefore may be governed by a diffusion process. Ac- 
cording to the sequestration hypothesis we may expect synthesis of 
local heterochromatic DNA to influence the availability of nucleotides 
for synthesis of DNA at the sites of nearby euchromatic genes. Such a 
process might be expected to influence DNA nucleotide sequence and 
therefore the incidence of mutations in euchromatic genes. 

(6) The genetic role of DNA in the sequestration system is not auton- 
omous. While the characteristic amount of DNA synthesized in a cell 
appears to be influenced by the amount of DNA pre-existing in the 
cell, DNA. synthesis is also likely to be regulated by the state of the 
feedback system connecting the free nucleotides (especially ADP) to 
the rate of oxidative metabolism. Oxidative metabolism is largely local- 
ized in the mitochondria, which are self-perpetuated cellular elements 
subject to internal mutations that have transmissible effects on the 
levels of oxidative metabolism. Hence, in the over-all system, at least 
one element, the rate of oxidative metabolism, cannot be regarded as 
exclusively determined by DNA, although DNA synthesis depends on 
it. Therefore, the germinal attributes of the system are, at the least, the 
joint properties of the amount of pre-existing DNA and the cellular rate 
of oxidative metabolism. No single component of the system can be re- 
garded as “‘self-duplicating.”’ 

(7) The germinal properties of the two DNA systems are interde- 
pendent; neither one is alone capable of complete regulation of the 
phenotypic effects with which it is associated. The abundant observa- 
tions of heterochromatin-induced mutations of euchromatic genes in- 
dicate that the precision with which the DNA of these genes can be 
replicated is influenced by the nature of nearby heterochromatin. The 
genetic effects of the heterochromatic system appear to be the conse- 
quence of DNA synthesis per se. Since euchromatic DNA is an equally 
effective agent of nucleotide sequestration, it is logical to conclude that 
the effect of heterochromatic DNA synthesis on the free nucleotide 
pattern will be influenced by concurrent synthesis of euchromatic DNA. 
Nor can the total complex of DN A-mediated inheritance be regarded as 
autonomous, or capable of ‘‘self-duplication.”’ The sequestration system, 
and therefore both DNA systems, depends on at least one self-per- 
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petuated mutable cytoplasmic agent, the mitochondrion, and other 
cytoplasmic agents of this type may contribute to the determinative 
effects of metabolism on the DNA as well. This is to say, of course, that 
the simplest system capable of self-sufficient germinal activity and of 
actual self-duplication is the entire living cell. z 
The foregoing proposals are subject to a certain degree of experi- 
mental verification at this time. If they are correct, one should expect to 
find these otherwise unexpected relationships: (a) The species-specific 
DNA content of an organism’s cells should bear an inverse relationship 
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Frc. 5. Relationship between cell size of erythrocytes of various vertebrate genera 
and the organism’s characteristic cellular DNA content. Figure reproduced from Refer- 
ence [17], which should be consulted for details and relevant references. 


to the species’ characteristic rate of oxidative metabolism (e.g., Q02). 
(b) DNA/cell ought to be directly related to the species’ characteristic 
cell size. 

Certain data available in the literature provide a test of these con- 
clusions {17}. These are shown in Figures 5, 6, 7, and 8 and in Table 1. 
Figure 5 shows that, over a wide range of values, the characteristic cell 
size of nucleated erythrocytes in a series of vertebrate species Is pro- 
portional to the value of DNA/cell. Figure 6 shows that, in the case of 
the ten species for which the necessary values are available, the eryth- 
rocyte’s characteristic rate of oxygen consumption js inversely propor- 
tional to the value of DNA/cell. Figure 7 shows that a similar relation- 
ship between DNA/cell and basal metabolic rate of the entire organism 
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is observable in the case of a series of mammals, birds, and reptiles. 
Finally, Table 1 shows that the proposed relationship between DNA/cell 


TABLE 1 
š THE CELLULAR DNA CONTENTS OF VARIOUS AMPHIBIA 
DNA, 
Pgram/ 

Genus Metamorphic Type Cell Reference 
Amphiuma Neoteny universal 168 (a) 
Siredon (axolotl) Neoteny in some individuals 96 >; (b) 
Necturus Neoteny universal 48.4 (a) 
Triturus 

(viridescens) Neoteny in some individuals 98 (c) 
Rana Metamorphosis obligate 15 (a) 
Bufo Metamorphosis obligate 7 (a) 


References: (a) Mirsky and Ris p8; (b) S. Løvtrup, J. Expt. Zool., 141, 545 
(1959); (c) H. Swift in ‘““The Chemical Basis of Development,” W. D. McElroy and 
B. Glass, ed., The Johns Hopkins University Press, Baltimore, 1958. 


and metabolic rate may elucidate the hitherto unexplained occurrence of 
excessive cellular DNA contents in certain amphibia. Amphibia, such 
as frog and toad, which undergo metamorphosis (so that the respiratory 
rate of the adult is increased over that of the larva) exhibit values of 
DNA/cell which are not very different from those of other vertebrate 
species (15 and 7 pgram DNA/cell respectively). However, those am- 
phibia (such as Amphiuma) in which neoteny—a condition in which 
metamorphosis and its attendant Increase in metabolic rate does not 
occur—contain very high cellular DNA contents (168 pgram of DNA/ 
cell in the case of Amphiuma). Amphibia in which neotenic individuals 
are.found with a frequency which depends on the habitat region also ex- 
hibit high values of DNA/cell. Thus, excessive cellular DNA contents 
appear to be associated with a species characteristic—neoteny—which 
results in a very low metabolic rate in the adult. The same effect may 
account for the excessive DNA content of the lungfish (100 pgram/cell), 
which has a low metabolic rate and sluggish habit associated with the 
presence of lungs but the absence of terrestial habit. 

Bacterial cells contain DNA in amounts considerably below that found 
in the cells of higher organisms, and this is often regarded as evidence 
that the more complex organisms contain a greater number of “template” 
genes and therefore more DNA. A possible alternative is that differences 
in DNA content are related to the sequestration system rather than to 
the “template” system. Although the considerable variability of bac- 
terial metabolic rates precludes a direct examination of this question, it is 
possible to test the relationship between cell size and DNA/cell. Figure 8 
shows that the values for a series of bacterial cells fall quite well on the 
line established by the relationship between cell size and DNA/cell 
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of nucleated erythrocytes, although the bacterial values are 2-4 orders of 
magnitude less than those of the erythrocytes. This suggests that the 
major factor which determines the DNA contents of cells of species as 
widely different as bacteria and vertebrates is the DNA sequestration 
system rather than the number of “template” genes. 

When it was first discovered that DNA content per cell is a species- 
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Frc. 6. Relationship between the rate of oxygen consumption of various vertebrate 
erythrocytes and the characteristic diploid cellular DNA content of the organism. 
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specific characteristic, an intensive effort was made to elucidate the rela- 
tionship between this parameter and the species’ evolutionary position 
fis]. The results were disappointing, when viewed in terms of the ex- 
pectation, based on the template function of DNA, that advanced 
organisms, being complex, should contain correspondingly large num- 
bers of genes and cellular DNA contents. However, as illustrated 
in Figure 6, the relationship between DNA/cell and metabolic rate leads 
to a clear taxonomic separation between the DNA contents of mammals, 
as compared to birds and reptiles. It is probably also significant that 
birds and reptiles, which are rather closely related, appear to form a 
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single function with respect to DNA/cell and metabolic rate. Finally, 
when the influence of metabolic rate is taken into account, the dif- 
ference in DNA content between the more advanced group, mammals, 
and the less-advanced bird-reptile group that is expected from the 
template theory does in fact emerge. When compared at a given metabolic 
rate, the mammalian species exhibit a cellular DNA content 2-3 pgram 
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Fig. 7. Relation between basal metabolic rates of various vertebrate genera and the 
organisms’ characteristic cellular DNA content. Figure reproduced from Reference 
[17], which should be consulted for details and relevant references, Circles, mammals; 
squares, reptiles; triangles, birds. 


greater than species in the bird-reptile group. This suggests that both 
systems are operative in determining species-specific DNA content. 


Some Implications 


The chief conclusion to be derived from the foregoing considerations 
is that the unique capability of living organisms for self-duplication and 
inheritance arises from complex multi-molecular interactions among at 
least several classes of cellular components. Neither DNA nor any other 
cellular component is a “self-duplicating molecule” or the “master 
chemical of the cell’”’—terms which sometimes appear in current general- 
izations. There is no evidence from recent investigations of the bio- 
chemical aspects of genetics which requires abandonment of the con- 
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clusion, long established by biological data, that the least complex 
agent capable of self-duplication is the intact living cell. 

The point of view developed here also suggests alternatives to a 
number of current views of phenomena related to inheritance. (a) 
Various hypothetical schemes for regulating the “activity” of template 
genes are invoked in order to explain how the DNA code might operate 
in cellular differentiation and development. Alternatively, it may be 
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Fra. 8. Relationship between cell volume and cellular DNA content for a series of 
bacteria compared with similar data for vertebrate erythrocytes. The line summarizes 
the values for various vertebrate erythrocytes shown in Figure 5. Figure reproduced 
from Reference [17], which should be consulted for details and relevant references. 


suggested that differentiation is associated with the nucleotide sequestra- 
tion system, tissue-specific changes in DNA synthesis (e.g., at chromo- 
some ‘‘puffs’’) regulating nucleotide levels and thereby governing the 
size and metabolic character of the cell. (6) The relationship between 
DNA and a species’ characteristic sensitivity to ionizing radiation is 
often interpreted in terms of radiation-induced mutations in genetic 
templates. Alternatively, radiation-induced inhibition of DNA syn- 
thesis, which results in the accumulation of toxic concentrations of free 
nucleotides, may be regarded as the mediating process. This view is 
compatible with Sparrow’s p9) observation that in certain non-poly- 


_—— ae, Sees ew oe prs 


386 AMERICAN SCIENTIST 


ploid plants, radiation sensitivity is proportional to cellular DNA con- 
tent, and is particularly affected by the relative proportions of hetero- 
chromatin. (c) Sahasrabudhe p20; has suggested that tumor cells may be 
characterized by marked changes in free nucleotide level resulting from 
nucleatide sequestration due to DNA synthesis. In this connection, it is 
also of interest that tumor and other rapidly growing cells exhibit dis- 
tinctive pathways of oxidative metabolism, which are in turn regulated 
by free nueleotide levels. (d) The theory of the DNA code suggests a 
seemingly simple explanation for the emergence of the first forms of life 
from the prebiotic organic environment: that life began with the for- 
tuitgus appearance of a “self-duplicating nucleic acid molecule” which 
then organized the complex chemistry of life around itself [21). In con- 
trast, the viewpoint developed here suggests that the primitive func- 
tion of nucleic acid was to sequester free nucleotides, and thereby regu- 
late over-all metabolic activity. Thus, the nucleic acid template is to be 
regarded as a late development which improved the precision of the 
earlier modes of regulation of cellular activity, and which is, in any case, 
incapable of self-duplication. 

The theory of the DNA code, if correct, also leads to important ex- 
pectations regarding the feasibility of technological control over in- 
heitance. If the nucleotide sequence of DNA were indeed a self-sufficient 
source of the inherited specificity of living things, then it might be 
possible, in the not too distant future, to synthesize artificial DNA mole- 
cules, which, on being introduced into living organisms, would artificially 
establish new inheritable characteristics quite outside the range of those 
normally observed. However, if, as we have concluded, biological speci- 
ficity is only partly due to DNA, then it is likely that the specificity 
represented by proteins may impose severe limits on the acceptability, 
to the cell, of abnormal DNA nucleotide sequences. This view suggests 
that technological control over biological inheritance may be far less 
plausible than indicated by inferences drawn from the code theory. 

Finally, the viewpoint developed here bears on some fundamental 
questions regarding the relationship between physical theory and biol- 
ogy. The theory of the DNA code is often regarded as an example of 
the success with which “modern physics” can solve basic problems about 
living systems which have eluded the supposedly less critical analyses 
of classical biologists. This view leads to the generalization that, despite 


Md5vious complexity, the living cell must be governed by the “laws of 


physics’’—as revealed by analysis of non-living systems—and that the 
most effective strategy for elucidating its unique properties is to study 
isolated parts which are sufficiently simple to permit their analyses in 
physico-chemical terms. However, several developments in theoretical 
physics suggest that the fundamental properties of matter are in better 
harmony with the view that the unique properties of the cell are derived 


DNA AND THE CHEMISTRY OF INHERITANCE 387 


from interactions of its molecular parts and are inherently incapable of 
being elucidated by a simple summation of the observed properties of 
the isolated parts. This viewpoint is a direct outgrowth of Bohr’s theory 
of complementarity {22}. It may also be closely related to the more re- 
cent theory of the “Bootstrap Universe” (23). This theory suggests that 
the unique properties of the atomic nucleus are inherently associated 
with its complexity, and are not accountable by the observed properties 
of fragments isolated from disrupted nuclei. . 

It may be suggested then, that, if biology is to be guided by the insights 
into the properties of matter that are afforded by modern physical 
theory, the role of DNA in the living cell must be viewed as subsumed 
under the complex properties of the system—the living cell—of which 
functional DNA is a part. The theory of the DNA code is sometimes 
epitomized by the statement “DNA is the secret of life,” an aphorism 
which appears increasingly to guide the course of current biological in- 
vestigations. The viewpoint developed here suggests that biology might 
be more wisely guided by the aphorism, “Life is the secret of DNA.” 
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PERSPECTIVES 


AN ESSAY REVIEW 


By AARON LEMONICK 


The Encyclopaedic Dictionary of Physics, edited by J. Toewuts, et al.; Volumes 1 
to 8; $298; 2 part glossary gratis with Volumes 1 to 8, $60 if purchased separately ; 
The Macmillan Co., 1963. 

nN ONE point in my life I must have believed that an encyclopaedia 

contained all knowledge for I can still remember the feeling of awe 
at the very idea of encyclopaedia. I believe that I thought there was no 
topic on which the encyclopaedia was not the complete and final au- 
thority. I may even once have planned to read through the entire en- 
eyclopaedia some day. I no longer have the urge nor the illusions. 

Now here I am reviewing the Encyclopaedic Dictionary of Physics 
recently published by the Macmillian Company. I confess that I ap- 
proached this task with great misgiving. I know how to begin to review 
a book. I read it. In the case of the set of eight books under review the 
task 1s so different, so distorted by its very size, that the difference 1s 
not only quantitative—which it certainly is—but qualitative as well. 
Of the eight volumes one contains a subject and an author index. It 
seems to be a good index with lots of entries and cross references. I won’t 
say any more about it. Perhaps I can convey the scope and size of the 
remaining seven volumes by some statistics. 

Each of the seven volumes has about eight hundred pages, or five 
thousand and six hundred pages in the entire set. Each page contains 
about one thousand words, making a total of over five million words. 
The articles themselves vary in size, but only the exceptional article is 
over two to three thousand words, according to the editor. The shortest 
articles are about a line or two. The length of the majority of the articles 
is, however, neither of these extremes—the average article seems to be 
several hundred words in length. That would say that there are over 
ten thousand articles (which checks roughly with a cross-referenced index 
which has fifty thousand entries). According to the author index, these 
ten thousand articles were written by over fifteen hundred contributors, 
all but a few of whom are from Great Britain or the United States. J. 
Thewlis of the Atomic Energy Research Establishment at Harwell in 
England, the Editor-in-Chief of the Encyclopaedie Dictionary, discusses 
the coverage of the set—‘“‘This present Dictionary aims, therefore, at 
covering not only physics proper but also, to a greater or lesser extent 
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such subjects as mathematics, astronomy, aerodynamics, hydraulics, 
geophysics, meteorology, physical metallurgy, radiation chemistry, 
structural chemistry, crystallography, medical physics, biophysics, 
and photography.” Here is a list of the sixty-seven topics which formed 


the framework of the Encyclopaedia. 


Acoustics 

Astronomy 

Astrophysics 

Atomic and molecular beams 

Atomic and nuclear structure 

Biophysics 

Cathode rays 

Chemical analysis 

Chemical reactions, phenomena, 
and processes 

Chemical substances 

Colloids 

Cosmic rays 

Counters and discharge tubes 

Crystallography 

Dielectrics 

Elasticity and strength of ma- 
terials 

Electrical conduction and currents 

Electrical discharges 

Electrical measurements 

Electrochemistry 

Electromagnetism and 
electrodynamics 

Electrostatics 

Engineering metrology 

General mechanics 

Geodesy 

Geomagnetism 

Geophysics 

Heat 

Hospital and medical physics 

Industrial processes 

Ionization 

Isotopes 

Laboratory apparatus 


Low-temperature physics 

Magnetic effects 

Magnetism 

Mathematics 

Mechanics of fluids 

Mechanics of gases 

Mechanics of solids 

Mesons 

Meteorology 

Molecular structure 

Molecular theory of gases 

Molecular theory of liquids 

Neutron physics 

Nuclear reactions 

Optics 

Particle accelerators 

Phase equilibria 

Photochemistry and radiation 
chemistry 

Photography 

Physical metallurgy 

Physical metrology 

Positive rays 

Radar 

Radiation 

Radioactivity 

Reactor physics 

Rheology 

solid-state theory 

Spectra 

Structure of solids 

Thermionics 

Thermodynamics 

Vacuum Physics 

X rays 


The Editor goes on to say that the set should be useful not only to 
physicists and would-be physicists, but also to scientists who are con- 
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cerned with fields mentioned or implied in the preceding list which have 
a physical basis. 

You will, I think, agree that there are difficulties in reviewing a piece of 
work which is as large and which has as broad a coverage as this En- 
eyclopaedic Dictionary. Perhaps I should have started at the beginning 
and read it through. I would have been surer that I hadn’t overlooked 
something—that I wasn’t, by chance, reporting on a biased sample. 
Rather, in order to get a feeling for the book as a whole I tried three 
different attacks. One was to put the set on my desk for a period of time 
and use it to look up words that came up in the normal course of my 
reading. The second was to open pages at random and read the articles 
on that page. Third, I followed up two fields with which I am familiar 
through the indexes and cross references. 

The articles seem to be written at a level which would make them ac- 
cessible to advanced undergraduates or beginning graduate students in 
physics. The articles on theoretical physics and mathematics are some- 
what more advanced. They all seem well-written and well-illustrated. 

Perhaps I can best give you a feeling for the books by writing about, 
several articles in some detail, listing a set of articles within a field to 
show the coverage; listing a set of articles related only by their juxta- 
position, and then telling you a little about where I differ from the edi- 
tors and contributors in matters of scope and emphasis of the articles 
and the selection. 

Take aĝ an example the article on the Fundamental Particles. It is 
about fifteen hundred words in length with two tables, a table of the 
properties of the thirty particles then known and one of the decay modes 
of the unstable particles. After first defining the concept of elementary 
particles, the article goes on to tell of the parameters that characterize 
the particles. The article then gives the energy thresholds for production 
and tells of the conserved quantities. A table lists the particles, their 
mass, spin, isotopic spin, strangeness, and mean life. The bibliography 
contains five references to articles and books by such physicists as Dalitz, 
Gell-Mann, Rosenfeld, and Jackson. The article is a reasonable first 
stop for someone who knows very little about the field and wants to 
learn a little or learn where he can learn much more. The references are, 
perhaps by design, probably far beyond the level of anyone who has to 
look in the Dictionary for the basic facts about the elementary particles. 

In the article on the Detection of the Fundamental Particles nearly 
all the methods for detecting the elementary particles are mentioned in 
the context of the description of the original discovery and identification 
of the elementary particles. The article is a good introduction to the 
history of the discovery of the particles. I have never before seen. all 
this information gathered together so conveniently. This article is about 
two and a half pages long or about twenty-five hundred words. I was 
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interested to note that the entries on furnaces, graphite tube; furnaces, 
industrial; furnaces, laboratory; furnaces solar, take almost ten full 
pages or ten thousand words. l 

The article on Quantum Mechanics is a two chouaana word article 
which gives a good summary of the high points. It is not for the casual 
reader. It would take someone who knew more than is in the article to 
be able to understand the article. The bibliography is short but contains 
very godd references. They are all, with one exception, full treatments of 
Quantum Mechanics at an advanced level. I am troubled by the mis- 
match of levels between the reader likely to look up Quantum Mechanics 
in this article, the article, and the bibliography. 

Nuclear physics is a field which is probably familiar to more people 
than most other fields so it seems to me to be a good place to examine 
the coverage of the Dictionary. The “Nuclear” articles take about 
one hundred twenty pages and are very well done. Here is a list of these 
articles—Nuclear Adiabatic Demagnetization; Nuclear Capture of 
Particles; Nuclear Charge, Effective; Nuclear Collisions, Particle 
Production In; Nuclear Disintegration; Nuclear Emulsion (4 articles); 
Nuclear Energy; Nuclear Energy Levels (3 articles); Nuclear Evapora- 
tion; Nuclear ferromagnetism; Nuclear Fission (4 articles); Nuclear 
Forces (4 articles); Nuclear Fuel, Chemical Processing of; Nuclear 
Induction; Nuclear Magnetic Resonance; Nuclear Magnetism; Nu- 
clear Paramagnetism; Nuclear Magneton; Nuclear Matter, Homo- 
geneous; Nuclear Models; Nuclear Moments; Nuclear Photoelectric 
Effect; Nuclear Photomagnetic Effect; Nuclear Physics; Nuclear Pile 
(2 articles); Nuclear Potential Well; Nuclear Propulsion; Nuclear 
Radius; Nuclear Reactions (5 articles); Nuclear Reactor (87 articles; 
56 pages); Nuclear Relaxation; Nuclear Resonance Integral; Nuclear 
Resonance Level; Nuclear Rotation, Tidal Wave Type Of; Nuclear 
Seattering; Nuclear Shape; Nuclear Shell Structure; Nuclear Spectro- 
scopy; Nuclear Spin; Nuclear Spin Echoes; Nuclear Stability; Nu- 
clear Statistics; Nuclear Surface; Nuclear Temperature. 

To relieve the nuclear list I picked another part of the same volume 
at random where you can find the following variety of subjects:—Photo 
Voltaic Effect; Physical Constants; Physical Medicine; Physics; 
Pi Meson; Pinch Effect; Pipe Flow; Pitch; Pilot Static Tube; Planck’s 
Radiation Formula, Plane; Plane of Weakness, Geological; Planet. 

My difference with the editors is a matter of taste. I believe that the 
Dictionary is rather heavy on technology. The longest articles seem, on 
the whole, to be technological ones. There is certainly nothing wrong 
with long articles, but in an Encyclopaedic Dictionary of Physics I 
would expect them to be physics articles. With the average length of the 
articles being what they are, I find it surprising that Air Conditioning 
gets four full pages, as does Photographic Darkrooms. Solid Propellants 
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is given five full pages. No physics article I read was this long. Gauge 
Invariance gets seven lines, but gauges of one sort or another get thirteen 
pages. 

I also found some peculiar omissions. There may be others, but I can 
only report on the ones I noticed. Perhaps I saw the only two in the 
Dictionary. The Eötvös Rule is mentioned, but not the Eötvös Experi- 
ment—a fundamental experiment in the theory of gravity. Opalescence 
is written up as is Critical Point, but nowhere could I find reference to 
Critical Opalescence and its evidence for giant statistical fluctuations. 

This Encyclopaedic Dictionary has faults, but these can be combed 
out in future editions. However, the Editor J. Thewlis and his Associate 
Editors R. C. Glass, D. J. Hughes (mow deceased), and A. R. Meetham 
and the Publishers deserve the greatest credit for accomplishing a major 
work. There is really nothing to compare with it in reference books for 
physics. There is a great gap between the Handbuch, with each article a 
definitive review article, and the one volume dictionary. I expect that 
this Dictionary will be of use to the people for whom it is intended— 
graduate and pre-graduate students in Physics and specialists in other 
fields. The volumes will be of much less use to physicists. 
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Judge a “paper” at a meeting on cogency, 
originality, comprehensiveness, brevity, in- 
genuity, precision, soundness, insight, conclu- 
siveness but not on the quality of the slides. You 
cannot but agree and surely resolve to stifle 
every groan when next a Jearhed peer assaults 
you by slide projector with 350 data-points at a 
blow on a 48-inch screen at 50 paces. He is not 
necessarily perpetrating a snow job on you. 
More likely he knows no better. If he could 
only wait to give the paper in 1974, his manage- 
ment would doubtless arrange for him to turn 
over his data and his logical inductions to a 
professional but anonymous presenter skilled 
in warming up cold fact. 

(The actual investigator will as always be 
available for the bull sessions that justify the 
travel expense. The thespian alter ego cannot be 
expected to field hard questions.) 

Where management does not yet provide the full service, 
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Why even those who think they understand the situation in the infrared beyond photog- 


raphy may not: 

Most IrRTRAN material and most work of 
infrared opticists wind up in military hands. 
The security curtain is rather opaque. We are 
free to issue data within the U.S.A. on the 
physical nature of the materials. Beyond that 
we play dumb. Apart from IR technology for 
the analytical lab and chemical process control 
(where all is well), we do not envy those who 
must decide what may safely be disclosed. 

Military considerations ultimately and in- 
evitably have emotional content. Emotion 
suffuses the idea that someone who means you 
harm has technical devices for extending the 
senses that he and you both received at birth, 
You hope you know more about these means 
than he does and more about what to look for 
with these means. To feel this way goes along 
with the human condition. It sets one limit on 
the decisions of the declassifying boards. 

The opposite limit is set by another realiza- 
tion which the members of these boards share 
with you. They too know that secrets stale 
quickly and that scientists in a position to 
freshen them up were born with a “need to 
know” but can produce no documents to prove 


it and often don’t even want to. Intelligent 
military seek an optimum between these limits. 

Two unclassified symposia on “Remote 
Sensing of Environment” and one classified 
one at the Institute of Science and Technology 
of the University of Michigan have given the 
military the thoughts of such diverse types as 
geologists, botanists, astronomers, conserva- 
tionists, meteorologists, oceanographers, forest- 
ers, archaeologists, and half a dozen species of 
engineers. Everybody present knew that the 
already known applications will take care of 
themselves but wondered about the unknown 
ones that are in danger of dying unborn for 
want of cross-fertilization. 

The final report of the symposia, identified as 
Document 4864-6-F, carries the following 
statement: “Qualified requesters may obtain 
copies of this document from: Defense Docu- 
mentation Center, Cameron Station, Alexan- 
dria, Virginia.” We have inquired how one 
qualifies as a requester and have been informed 
by the Defense Documentation Center that all 
reports it releases must be for use on a current 
Department of Defense contract or project. 
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THE SCIENTISTS’ BOOKSHELF 
By Hugh Taylor, the Associate Editors, and Guest Reviewers 


` SEE INDEX AT END OF THIS SECTION 


Masers & Lasers—How They Work, 
What They Do by M. BROTHERTON; 
207 pages; $8.50; McGraw-Hill Book 
Co., 1964. 


This is a wonderful book, in the sense 
that it records the astonishing develop- 
ments in one of the most sophisticated 
areas of modern physics and the tre- 
mendous possibilities in technology 
that have followed from “pure”? re- 
search which began in Columbia Uni- 
versity in 1954, just ten years ago. The 
basic science goes back further, to a 
fundamental discussion by Einstein of 
what happens when radiation exists in 
a state of equilibrium with matter. 
Einstein’s analysis distinguished three 
phenomena, absorption of radiation by 
matter, spontaneous emission, and stim- 
ulated emission. In Chapter 7, after the 
concepts pertinent to the new problem 
have already been lucidly exposed, the 
author describes the first maser and the 
background in which it was created. He 
discusses that perennial problem in 
modern scientific progress: why the dis- 
covery had not come earlier, say in the 
1930's, after Einstein’s basic paper. 
From Townes’ original ammonia gas 
maser, through the traveling ruby maser 
“which so brilliantly performed in 
the Echo and Telstar experiments,” 
the author traces the evolution of the 
maser into the laser, from microwave 
amplification by stimulated emission of 
radiation, to light amplification of the 
stimulated emission of radiation. 

The book “was conceived for that 
considerable audience of literate 
people ...who would like to have an 
explanation of masers and lasers which, 
while factual and authentic, stays away 
from formulae and formulations beyond 
their grasp.” A brilliant success has been 
achieved. Chapter 9 on Ruby Lasers 
and Helium-Neon Lasers, Chapter 10 on 
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Semi-Conductor Junction Lasers, Chap- 
ter 11, Waves and Wave Motions, in 
which, starting from the observation of 
wave properties “by watching water 
waves as we sit in a rowboat gently 
rocked by a ground swell” and the 
consequences of a speedboat going 
bouncing by, the literate reader finds 
himself accepting easily Fourier’s theo- 
rem of complex vibrations reducible to 
simple sine waves. The final chapters 
reveal why the laser’s output can be at 
the same time intense, coherent, and 
extremely directional, with pulse inten- 
sities equivalent to a temperature of 10 
million billion °C. compared with the 
sun’s surface temperature of 6000°C. 
and directional precision “applicable in 
surgery to eliminate even one cell from 
an infected area and, in cases of de- 
tached retina, to ‘weld’ the retina back 
in position.” 

The reviewer has only one regret. The 
“literate people,” outside the scientists 
and engineers, who need to supplement 
their humanistic knowledge with such 
authentic and fascinating treatment of 
new science will unwillingly pay the price 
of this book. Should not another effort be 
made to bring it to them? 


The Story of the Laser by Joun M. 
CARROLL; 181 pages; $3.95; Dutton & 
Co., 1964. 


This book covers the same ground as 
that of the preceding review, and at 
one-half of the price to the reader. It 
contrasts in style with the book by 
Brotherton. Its non-technical presen- 
tation is interspersed with anecdotes 
and personal notes concerning the 
scientists engaged in the development. 
The early morning meditations of 
Charles H. Townes in the gray Wash- 
ington dawn, in Franklin Park, admiring 
the azaleas, then at the height of their 
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bloom, led to calculations, ‘‘on the usual 
back of an envelope, (of) the critical 
condition for oscillation in terms of the 
number of excited molecules which must 
be supplied and the maximum losses 
allowable in the cavity.” This was 
the beginning of the ammonia laser. 
Such interpolations, some excellent 
photo-reproductions of places, persons, 
and experiments in the laser field, dia- 
grams illustrating the text and a chapter 
on ‘‘Lasers in War and Peace” serve to 
characterize this particular story of the 
newest development in science. 


Noble Gases and Their Compounds by 
G. J. Moony & J. D. R. THomas; 62 
pages; $2; The Macmillan Co., 
Pergamon Press, 1964. 


This is a record in one small volume, 
at a reasonable price, of all the work on 
over twenty compounds of the noble 
gases which have been produced since 
Bartlett published, in June 1962, his 
first report of an authentic compound of 
a noble gas, xenon hexafluoro platinate 
(V). A résumé of the discovery of the 
noble gases and early efforts at inducing 
chemical combination precedes the rec- 
ord of the successful achievement of 
compound formation. Eleven refer- 
ences deal with Xef., seven with XeF,, 
and five with Xel,. There are xenon 
oxides and oxyfluorides, xenates, and a 
few compounds of krypton and radon. 
These researches indicate that the con- 
cept of electron-filled shells in the rare 
gases has been over-emphasized and 
that the word ‘inert’? applied to such 
gases is now no longer valid. The book 
records a thrilling year of research in 
inorganic chemistry. 


Concepts in Solids by P. W. ANDERSON; 
188 pages; $8.50 cloth; $4.95 paper; 
W. A. Benjamin, Inc., 1963. 


This book is indeed aptly titled. Dr. 
Anderson here describes the concepts 
and attitudes which have developed in 
Solid State Physics in the course of the 
last twenty years. His approach is 
quite distinctive and personal, but it 
exemplifies the best aspects of the new 
approach in the theory of solids. 

Because of the emphasis on newer 
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material and newer points of view, this 
book is certainly not a balanced presen- 
tation of theoretical solid state physics. 
Rather, “Concepts in Solids,” is an 
elegant and deep presentation of a few 
selected topics. The presentation is de- 
signed to give a rather sophisticated 
audience—graduate students and re- 
search workers—a deeper insight into 
the nature of the solid state. 

The topics chosen do, in fact, reveal 
the core of modern solid state theory. 
There is a natural division into one- 
electron theory and many-body theory. 
One electron topics include discussions 
of methods of calculating band struc- 
ture both with and without external 
perturbing fields. The treatment of the 
Hartree-Fock method and of effective 
Hamiltonian theory are particularly 
illuminating. The second half of the 
book is devoted to the concepts of 
elementary excitations in many-body 
theory. The discussions of broken sym- 
metries and of the magnetic state are 
particularly unique and particularly 
useful. 

This book grew out of a series of 
lectures at Cambridge University. The 
informal format and editing are quite 
appropriate for the publication of a set 
of lecture notes. 

The price of the clothbound version, 
$8.50, is too high for a book of 188 pages, 
but the elegance of the contents makes 
this book invaluable for a serious stu- 
dent of the solid state.—Leo P. Kadanoff 


Unusual Environments & Human Be- 
havior, Physiological & Psychological 
Problems of Man in Space, edited by 
Neat M. Burns, et al.; 438 pages; 
$9.95; The Free Press of Glencoe, 
1963. 


This volume follows what is a grow- 
ing fashion in books on space; it is a 
collection of review papers: twelve 
chapters and sixteen authors. The sub- 
ject matter deals with the study of hu- 
man responses to stress, particularly the 
environmental stresses which may be 
met in manned space flight. The pur- 
pose of the book is to “describe the 
ranges of these environmental variables 
that enable us to categorize them as 


stressful or unusual and to arrange the 
data concerning these variables into a 
presentation that describes the effects 
of exposure to them.” There is also a 
plea by the editors for an increase in 
research on methods of extending hu- 
man tolerance limits, research on com- 
bined stress and on improved structure 
for this entire field of research. 

The book is divided into two parts, 
“Part I, Overviews” and ‘Part II, 
Specific Problem Areas,” in a partially 
successful attempt to cast the field into 
perspective before examining in detail 
the work which has been done in a 
number of specialized areas. 

The quality of the papers is quite 
variable; as a result, a number of prob- 
lems central to the subject are treated 
only lightly, if at all. Examples of 
neglected subjects are: the problems 
of earth-based predesign system simu- 
lation using human subjects, the need 
for and problems of providing artificial 
gravity in space flight, the metabolic 
changes which are brought about by 
unusual environments and the effects of 
closed environments of unusual at- 
mospheric composition. Three of the 
chapters in Part I—those of Lawton, 
Ruff and Weybrew—are very good. 
The chapter, ‘Psychophysiology of 
High Altitude Experience” is better 
suited to Part II and the chapter “Com- 
putor Simulation of Man-Machine Sys- 
tems” is such a detailed discussion of a 
single concept in a rather large field that 
one questions the wisdom of its inclusion 
in a book of this scope and length. 

References are placed at the end of 
each chapter and are as variable in value 
as the papers. There is a disturbing pre- 
ponderance of Air Force publication 
references in those chapters prepared by 
Air Force officers and employees, and 
similarly for the Navy. This is under- 
standable in the case of Weybrew, 
whose subject is, after all, submarines, 
but in other areas the significant litera- 
ture is more evenly distributed. The 
subject index is so limited that it makes 
the book difficult to use as a reference 
work. For example, in this highly em- 
pirical field there is no entry in the index 
under “Measurement” or “Instrument.” 
The call of the editors on page 454 for 
long-range planning is well-taken. 


This book will be of use to the engi- 
neer or scientist who is already working 
in one aspect of the field of “‘bioastro- 
nautics,”’ to give him a background in 
other subspecialities; it will also be of 
use to the physiologist or psychologist 
who is interested in entering the feld, 
providing he is already versed in the 
language and mechanics of the physical 
aspects of space travel. For the engineer 
or physical scientist who wishes to re- 
view or enter the field? of ‘“‘bioastro- 
nautics,” the language is rather too 
specialized.—J. P. Nolan, Jr. 


Magnetism & the Chemical Bond by 
Joun B. GoopenoucH; 393 pages; 
$12.50; John Wiley & Sons, Inter- 
science, 1963. 


Extraordinarily well documented with 
some seven hundred references, most of 
them to very recent papers, this book is 
a careful, concise, and complete, if not 
lucid, account of the several diverse 
magnetic effects in solids containing 
transition metals, the structure of these 
solids, and the connections between 
magnetic effects and structure. The 
theoretical principles that govern are 
carefully developed, without oversimpli- 
fication or prejudice, making use of the 
most recent advances in the theory of 
chemical bonding. Many tables of data 
are included, and many figures are 
given to illustrate the experimental 
facts. This book is important for anyone 
interested in magnetism or in the 
chemical bond, and it should be in- 
dispensable to research workers actiye 
in the science of materials.—Robert G. 
Parr 


Diagnostic Methods in Speech Pathology 
by WENDELL Jounson et al; 397 
pages; $7.50; Harper & Row, 1963. 


Diagnosis is the cornerstone of the 
therapeutic trilogy of diagnosis, prog- 
nosis and therapy. It should never be 
confused with the rhetorical problem of 
choosing names for disease syndromes. 
Symptom complexes group themselves 
into meaningful syndromes by virtue of 
common etiology or prognostic simi- 
larity. It is these common elements in 
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symptomology and prognosis that make 
therapy either reasonable or teachable. 
The age of idiosyncratic disorders and 
idiosyncratic therapy differing for every 
patient should have long ago gone the 
way of the phrenologies and pseudo- 
sciences and for the same reasons. The 
clinician’s injunction to be responsive 
to the individual needs of each patient 
must never be at the expense of finding 
the common and non-individual aspects 
of the disease, if the clinician is to do 
more than merely amelioriate the suffer- 
ing of patients he can treat in his own 
lifetime. The best clinician does more 
than treat, he learns and teaches and 
it is to that clinician that this book is 
addressed. 

The book presents both a wealth of 
normative data and the diagnostic 
tools necessary for the comparison of 
symptomology across and within dis- 
orders of communication. The book is in 
some respects already an old friend of 
the practising speech pathologist, in that 
it is a revision of the authors’ earlier 
Diagnostic Manual in Speech Correction 
published in 1952 by Harper and 
Brothers. Like many an unseen friend, 
however, this volume has changed 
considerably in its revision and fully 
justifies renewing the acquaintance. 
The authors, with the help of many 
unmentioned students and colleagues, 
review the literature relevant to the 
diagnosis of articulation problems, gen- 
eral language impairment, voice quality 
and stuttering. For each of these 
communicative disorders, specific diag- 
nostic tests and procedures are given in 
considerable detail. In addition, stand- 
ardization data culled from the litera- 
ture are presented for both normal and 
dysfunctional speakers. These data 
alone, brought together in a convenient 
single source, would amply justify the 
procurement of the book.—Murray S. 
Miron 


Alternating Current Polarography & 
Tensammetry by B. Breyer & H. H. 
BAVER; 288 pages; $12; John 
Wiley & Sons, Interscience, 1963. 
Vol, XIII of Chemical Analysis 
Series. 


The past three or four years have 
witnessed an awakening appreciation of 
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the power and sensitivity of alternating 
current voltammetric methods in the 
study of electrochemical reactions. De- 
spite minor shortcomings it may dis- 
play, and taken within the context of a 
rapidly evolving area of research, the 
appearance of this little book, which 
comprises the first monograph review of 
alternating current polarography and 
tensammetry, should afford a consider- 
able measure of satisfaction to persons 
experienced in this field as well as to the 
growing number seeking to apply peri- 
odic relaxation methods to the study of 
electrode dynamics and to chemical 
analysis, 

The discussions provide what amounts 
to a somewhat uncritical assay of im- 
portant developments and revisions in 
the theory, instrumentation and appli- 
cations of electrochemical A.C. current- 
voltage work done in the period from 
1938 to 1960, and bring together for the 
first time in one place a diversity of work, 
some of which, from the early Australian 
school, had been reported in journals 
which remain largely inaccessible to 
many interested workers. The book is 
oriented almost exclusively to “sine 
wave polarography,” but some less 
detailed discussion of the theory and 
practice of square wave polarography, 
faradaic rectification and the Fournier 
Effect is included for comparative pur- 
poses. 


The three-year hiatus following the 
last year of literature coverage (1960) 
until actual publication of this book is 
indeed most unfortunate since this has 
resulted in, inter alia, only brief men- 
tion of harmonic studies and a complete 
absence of material describing newly- 
developed measuring circuits employing 
operational ‘amplifiers, which, them- 
selves, have come to represent almost 
the sine qua non for convenient and 
accurate measurements in this area of 
work; recently available commercial 
instruments of this type will doubtless 
lead to a rapid broadening of research 
interest in A.C. polarography. 

This book by Breyer and Bauer is 
certainly to be recommended to anyone 
desiring an assessment of the princi- 
ples of alternating current voltam- 
metric methods in electrochemistry.— 
Edward D. Moorhead 
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Thermostatics & Thermodynamics by 
Myron Trisus; 649 pages; $10.95; 
D. Van Nostrand Co., 1961. 


The reviewer’s task would be extreme- 
ly easy if this book were to be evaluated 
as merely an attempt to place the dis- 
cipline of “thermodynamics” before the 
student. However, the author has gone 
back for his primitive notions, not to 
classical statistieal mechanics, but to 
the statistical methods of information 
theory in the belief that “students can, 
in shorter time, reach a state of under- 
standing heretofore impossible for more 
than a small number of people.” Only 
time and use can test this belief. 

As a text, the book is well organized 
and very well written. The conversa- 
tional tone adopted by the author sur- 
rounds the mathematical developments 
with an air of understanding that can 
be of prime importance to the student. 
A number of factors contribute to soften- 
. ing the mathematical terseness one 
usually expects—the use of word equa- 
tions and analogies; summaries of 
concepts, mathematical methods and 
conclusions; and comments designed to 
put the subject matter in historical per- 
spective. Another characteristic which 
will not fail to impress the student is the 
breadth of material from which both the 
exemplary and review problems are 
drawn. This material spans the range 
between casualty statistics of the 
Graeco-Persian wars and the operation 
of jet engines. 

A connection between statistical me- 
chanics and information theory cannot 
be established merely on the basis that 
the same mathematical expression oc- 
curs for “entropy” and “uncertainty” 
in the two respective fields. Due credit 
is given in the book to Professor E. T. 
Jaynes who recently pointed this out 
(Phys. Rev., 1957) and, further, re- 
interpreted statistical mechanics as a 
form of statistical inference, thereby 
identifying “entropy” and ‘“‘uncer- 
tainty” as the same concept. In doing 
this, Jaynes has skirted around the 
necessity for hypotheses such as ergo- 
dicity and the equal accessibility of 
phase space which must supplement the 
equations of motion of classical statisti- 
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cal mechanics. In fact, Jaynes’ two 
original papers make excellent adjuncts 
to this book. 

This formalism has not achieved uni- 
versal acceptance: it is challenged 
chiefly by those who believe that the 
concept of probability which should be 
used as a foundation for physical theory 
must contain no element which is not, 
in principle, verifiable by the measure- 
ment of some frequency ratio or, at least, 
subject to a possible denial. Although 
this question is neither resolved nor 
resolvable at present, it detracts little 
from the quality of presentation in this 
book and, therefore, may not hinder 
Dean Tribus from accomplishing his 
objective.—Ht. J. Mikovsky 


Uncertainty & Structure as Psychological 
Concepts by W. R. Garner; 369 
pages; $8.25; John Wiley & Sons, 
1962. 


In a sense, a scientific theory is a 
vision of the world and its value de- 
pends on how much it sees and how 
clearly. By this standard, the applica- 
tions of information theory to psychol- 
ogy can be counted successful, and, in 
his book, Garner gathers the accomplish- 
ments and gives them a systematic pres- 
entation. The result demonstrates the 
beauties of dedicated and judicious 
scientific thought. Information theory 
had its short period of ascendency in 
which it was supposed to solve all the 
problems of psychology, then a sharp 
decline when many of its former adher- 
ents switched to deprecation. Through 
all this, Garner has remained steadily 
at his post, listening, experimenting, 
and performing the needed algebraic 
calculations. His book shows what has 
not been done, and what by its nature 
cannot be done. 

The main thesis of Garner’s book is 
that total amount of organization in a 
system (in the performance of a subject, 
for cxample,) can be measured as the 
total amount of predictable or interre- 
lated variation in behavior; that is, in 
his terms, the amount of constrained 
uncertainty. Furthermore, constraint, 
if measured by standard uncertainty 
measures, can be partitioned by an 
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TECHNIQUE: Preliminary remarks, Fixation. The de- 
hydration process, The embedding process. The “staining” 
process, “Electron microscopic histochemistry.” Ultrathin 
sectioning technique. The ultrathin section in the electrop 
microscope. 


PARENCHYMAL CELLS OF THE LIVER IN VARIOUS 
ANIMAL SPECIES AND IN MAN: 


General survey of the parenchymal liver cell. Membrane 
structures. Special survey of parenchymal liver cells of 
various species, 


SINUSOID AND STAR CELLS 


ORTHO- AND PATHO-MORPHOLOGY OF THE 
VARIOUS COMPONENTS OF THE PARENCHYMAL 
LIVER CELLS: The Disse space and the sinsuoidal bound- 
ary of liver cells, The liver cell membrane in the region of 
contiguous parenchymal cells, The endoplasmic reticulum. 
The Golgi-field. The mitochondria. The cytosomes. Break- 
down of erythrocytes. Fat deposits. The ground plasma. The 
nucleus and its components. The bile capillaries. 


THE PERIPORTAL FIELD AND THE CHANGES OF 
ITS COMPONENTS. 

THE LIVER CELL DURING PROLIFERATION: The 
embryonic liver. The liver after partial hepatectomy, Gan- 
cerisation of the liver cell; carcinoma of the liver. The liver 
cell in vitro, 


MITOTIC PROCESSES IN THE LIVER. 

THE EFFECT OF DERANGEMENT OF ELEMENTARY 
FUNCTIONS: Absolute starvation. Protein deficiency. 
Kwashiorkor. Vitamin-CG deficiency. Overfeeding with 
cystine, 

VIRUS DISEASES: Virus hepatitis, serum hepatitis. Yellow 
fever. Infectious ectromelia, Other forms. 


INTOXICATIONS: Oxygen want, damage to cell respira- 
tion. Carbon tetrachloride intoxication. Various types of 
intoxication. The action of X-ray irradiation. 


NECROSIS AND AUTOLYSIS. 
THE LIVER HOMOGENATE. 
ARTIFACTS. 

Literature references, Subject index, 


Volume II: Atlas of 361 half-tone illustrations 





STRUCTURE AND METABOLISM OF THE 
PANCREATIC ISLETS 

Wenner Gren Center, Volume 3 

Edited by Dr. Sven Brolin, Head of the His 
tology Department of the University of Uppsala 


Forty-seven illustrated papers delivered by scien- 
tists from leading centers of diabetic research at the 
International Conference held at Uppsala are con- 
tained in this volume. Topics discussed include: the 
structure of the pancreatic islets, new cell types, aspects 
of the synthesis of proteins and insulin secretion, and 
the use of immuno-assay and microchemical tech- 
niques to estimate the amounts of insulin and glucogen 
from single islets. $20.00 


HISTOPHYSIOLOGY OF SYNAPSES AND 
NEUROSEGRETION 
International Series of Monographs on Pure and Applied 
Biology, Modern Trends in Physiological Sciences Division, 
Volume 20 
by E. D. P. de Robertis, University of 
Buenos Aires 

This scholarly monograph discusses subcellular struc- 
ture and function in the synapses and demonstrates 
that neurosecretion takes place in those important 
areas of the central and peripheral nervous system. It 
also covers the morphology of the synaptic region, 
synaptic vesicles and the fonetlonal changes of the 
synapses during nerve degeneration, and secretory 
processes of the adrenal medulla. 
256 pages $10.00 
OPTICAL ILLUSIONS 
by S. Tolansky, Universit) of London 


An examination and expansion of classic studies 
made by physicists and psychologists on geometrical 
optical illusions, demonstrating their influence on 
measurements of length, area, curvature, and angle. 
193 pages $5.00 





PHARMACOLOGY OF CARDIAC FUNCTION 
Volume 5, Proceedings of the Second International 
Pharmacological Meeting 

Edited by O. Krayer 


This, the fifth volume of the Proceedings, is the first 
of the series to be published. The complete set of 
eleven volumes, under the general editorship of Pro- 
fessor H, Raskova, is devoted to specialized papers on 
the latest advances in pharmacology and related dis- 
ciplines given by internationally famous pharma- 
cologists. The seventeen papers in this volume are 
grouped under the general headings of muscle contrac- 
tion, effects of drugs on the interval-strength relation- 
ship of heart muscle, and impulse generation and con- 
duction. 
168 pages $7.50 


SPECIAL BONUS 


For purchasers of the eight-volume 


ENCYCLOPAEDIC DICTIONARY 
OF PHYSICS 
Edited by J. Thewlis 
MULTILINGUAL GLOSSARY 
(Volume 9; In Six Languages) 


The Glossary contains 13,000 scientific English terms 
and phrases and their conceptual equivalents in 


French, German, Spanish, Russian, and Japanese. 
Designed to help non-English-speaking researchers 
quickly locate material in the Dictionary, the Glossary is 
so complete and well-organized that it may be used to 
translate technical papers in any of the six languages. 
This Multilingual Glossary of over 1000 pages is now in 
preparation and will be ready in December for ship- 
ment to all owners of the complete Encyclopaedie Dic- 
tionary of Physics. 

Volumes 1-7 (A-Z) plus Supplementary Index, Volume 8, 
$298.00 the set. 


Pergamon Press Books are distributed in the Western Hemisphere by 


THE MACMILLAN COMPANY, 60 Fifth Avenue, New York 10011 


307A 





The, books on these two pages are published by Wiley and Interscience. 

Most of them have been designed for study, research, and reference. Many 

can be used as textbooks, or as collateral reading in college courses. 
i They are all available on approval. 


LABORATORY MANUAL OF PHYSICAL METHODS IN ORGANIC CHEMISTRY. 
By the late F. J. Sixma, adapted and translated by H. Wynsere. An internationally 
recognized authority presents an enormous amount of difficult material in a con- 
venient and easy-to-use form. An Interscience book. 1964. 342 pages. Prob. 
$8.75. PREPARATIVE INORGANIC REACTIONS, Vol. I. Edited by WILLIAM 
L. JOLLY. Inaugurates a new Interscience Series that will enable the chemist to 
keep pace with the technical and theoretical developments in inorganic synthetic 
methods for compounds and compoynd groups. 1964. 271 pages. $9.00. PALEO- 
MAGNETISM: and Its Application to Geological and Geophysical Problems. 
By E. Irvine. Combines a detailed description of paleomagnetic methods with a 
penetrating analysis of results obtained to date. Stresses those One of analysis 
which allow paleomagnetic results to be compared with independently obtained 
geologicdata. 1964. Approx. 512 pages. Prob. $19.50. 


PHYSICS AND CHEMISTRY OF THE ORGANIC SOLID STATE. In 2 vols. Edited by 
D. Fox, M. M. Lases, and A. Wutssperczr. Gives a broad, systematic survey of 
research developments; synthesizes many different approaches to the field; and pro- 
vides a take-off point to stimulate further growth by looking into unexplored areas. 
Vol. 1: 1963. 823 pages. $25.00. Vol. 2: 1964. Approx. 800 pages. $27.50. An In- 
terscience book. 


METHODS OF FORENSIC SCIENCE, Vol. 3. Edited by A. S. Curry. Third in an 
important Interscience series that makes the most recent developments and advances 
readily available to police lab technicians, medical examiners, toxicologists, analy- 
tical chemists, and all others interested in the field. 1964. Approx. 342 pages. 
$11.00. ORGANIC ELECTRONIC SPECTRAL DATA, Vol. III 1956-1957. Edited 
by O. H. WHEELER and L. Karran. The third in a continuing Interscience series 
that collects spectral data from more than 80 American and foreign journals. Ar- 
ranged according to the molecular formula index system used by Chemical Abstracts 
and Beilstein. 1964. Approx. 1100 pages. In press. 


PROGRESS IN PHOSPHORUS CHEMISTRY, Vol. I. Edited by M. Grayson and E. J. 
GruirritH. <A new Interscience series devoted to the chemistry of inorganic and 
organic phosphorous compounds and their biological significance. 1964. In press. 
VOL. 26 of ADVANCES IN ENZYMOLOGY AND RELATED SUBJECTS OF BIO- 
CHEMISTRY. Edited by F. F. Norv. This is the latest in the Interscience Series of 
timely and authoritative reviews. 1964. 453 pages. $12.50 Mellor's COMPRE- 
HENSIVE TREATISE ON INORGANIC AND THEORETICAL CHEMISTRY, Vol. VIII, 
Supplement I, Partl: NITROGEN. First of two supplementary volumes, updating 
the chemistry of nitrogen and ammonia—including the chemistry of nitrogen, metal 
nitrides, and the more important ammonium salts. 1964. 619 pages. $50.00. 


JOHN WILEY & SONS, INC, - 605 THIRD AVENUE, NEW YORK, N. Y. 10016 
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FRIEDEL-CRAFTS AND RELATED REACTIONS: Acylation and Related Reactions— 
Vol. 3, Parts 1 & 2. Edited by G. A. OLan. The latest volume in one of the most 
exténsive chemical publishing projects ever undertaken. Collects, evaluates, and 
reviews all useful information on the subject. Parts 1 & 2: 1964. Approx. 1600 pages. 
$60.00. APPROACHES TO PALEOECOLOGY. Edited by Jonn Impriz and 
Norman Newer. This book surveys the great variety of current approaches to 
problems of paleoecology, and stresses the importance of the subject for related 
geological disciplines. 1964. 432 pages. $12.50. ORDER-DISORDER PHENOMENA. 
By H. S. Green and C. A. Hursr. An exact and unified treatment of all co- 
operative statistical mechanical systems that may be represented as a two-dimen- 
sional lattice. Vol. 5 of the Interscience Monographs in Statistical Physics Series. 
1964. 363 pages. $15.00. 


FUNDAMENTALS OF TRANSMISSION ELECTRON MICROSCOPY. By R. D. Hem- 
ENREICH. Develops an understanding of amplitude and phase contrast mechanisms 
in electron microscope images. Vol. 13 of the Interscience Monographs and 
Texts in Physics and Astronomy. 1964. 414 pages. $14.50. ADVANCES IN 
ANALYTICAL CHEMISTRY AND INSTRUMENTATION, Vol. 3. Edited by C. N. 
Reter. Newest in a continuing Interscience series, covering significant new 
ideas and techniques and describing the status of other important, but more 
classical, methods. 1964. 523 pages. $15.00. STUDIES IN STATISTICAL ME- 
CHANICS, Vol. 2. Edited by J. DeBoer and G. E. Unuensecx. Highlights new 
techniques for treating mathematical problems in statistical mechanics ôf systems in 
equilibrium, plus progress in understanding the character of non-equilibrium proc- 
esses. A North-Holland (Interscience) Series. 1964. 400 pages. $11.50. 


ELECTRON DENSITY DISTRIBUTION IN IONOSPHERE AND EXOSPHERE. Edited by 
E. D. Taranee. This collection of papers represents the thinking of experts from 
many countries of the world. As a unit, the book will be valuable both to the 
specialist and to the newcomer in the field. 1964. 394 pages. $13.50. DYNAMICS 
OF CHARGED PARTICLES. By B. Lennert. Begins with the basic equations 
of classical theory and continues on to the present state of research in the field. 
A North-Holland (Interscience) book. 1964. 300 pages. $11.50. A HISTORY 
OF SCIENCE. By Grorce Sarron. Atoncea profound investigation into the nature 
of ancient civilizations, the first full-scale history of ancient science, and a fascinating 
narrative of man’s curiosity at work. It is the story of culture from earliest times 
through the Golden Age of Greece. A Science Editions, paperback. 1964. $2.65 


JOHN WILEY & SONS, INC. - 605 THIRD AVENUE, NEW YORK, N. Y. 10016 
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additive theory. Garner’s main division 
is into internal and external constraint. 
Roughly speaking, internal constraint 
is self-consistency, and external con- 
straint is adjustment to the outside 
world or task requirements. Following 
his earlier writings with McGill on the 
analogy of information theory with 
analysis of variance, Garner develops 
a theory of “main-effect’”’ constraints 
and ‘interdction” constraints. The 
analysis is psychologically apt and dis- 
plays more philosophical depth than is 
commonly found in psychological writ- 
ing. 

A major accomplishment of the book 
is the integration and coherent discus- 
sion of a multitude of studies of pat- 
tern perception, language, sequential 
behavior, and concept formation. There 
are 275 references, mostly to experi- 
mental results, and somehow they are 
woven into an intelligible texture of 
findings. What is more, Garner’s inter- 
pretations of detailed results are far 
clearer and deeper, and often more de- 
tailed, than those accomplished by the 
authors of the experimental reports. 

Interestingly, this is a case of a mathe- 
matical theory which does not predict 
much and is not really tested, yet 
clearly is useful as a way of grasping and 
arranging masses of data. Still, Garner 
is not limited by conventional informa- 
tion theory and often goes beyond its 
concepts in explaining behavior and 
laboratory results. 

This is a well written, sound, organ- 
ized, and integrated account of a mass 
of experimental and conceptual work. 


It is a must for advanced psychology | 


_ students in all fields, and should be a 
cornerstone of any new psychophysics.— 
Frank Restle 


History, Psychology & Science: Selected 
Papers by Edwin G. Boring, edited 
by Rosertr J. Warson & Donatp T. 
CAMPBELL; 872 pages; $8.95; John 
Wiley & Sons, 1963. 


For Watson, historian of science, and 
Campbell, epistemologist and dialec- 
tician, the selection and editing of these 
delightful papers of Edwin Garriques 
Boring must have been a real pleasure. 
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His keen intellect ranged widely and 
penetratingly over the psychological 
issues of the day. He had the rare ability 
to become deeply and personally in- 
volved in the most impersonal of issues, 
and the true scholar’s feeling of personal 
responsibility for the growth and de- 
velopment of his discipline. From his 
chair at Harvard he presided over the 
destinies of some forty years of Ameri- 
can psychology with rare wisdom, 
loving insight, and an occasional wasp- 
ish delight in not sparing the rod when 
the incisive verbal disciplining of a way- 
ward child seemed necessary. 

For Boring, the publication of this 
collection is a deserved recognition of an 
unusual and distinguished literary tal- 
ent. [f William James wrote psychology 
like a novelist, Boring writes history 
and theory like an English essayist with 
a style in which a deceptive and oc- 
casionally almost chatty informality 
never masks the fundamental, careful 
elegance of his structure and expression. 

For the reader, the result is both ex- 
citing and charming. The familiar topics 
are all here—the place of the great man 
in history, Zeitgeist and the psychology 
of science, the psychology of contro- 
versy, operationism in science, the 
mind-body problem, and some de- 
lightful bits from his long editorship of 
Contemporary Psychology. Their appeal 
is not limited to psychologists alone, 
nor to scientists alone for that matter. 
Any alert intellect will enjoy the exer- 
cise provided in these pages. 

For the reviewer, the volume provides 
a chance to say “well done” to the 
author and the editors, and ‘“con- 
gratulations” to the publishers for their 
good taste in both content and format,— 
William A. Hunt 


Mechanisms Concerned with Conception, 
edited by Cart GQ. HARTMAN; 526 
pages; $17; The Macmillan Co., 
Pergamon, 1963. 


The proceedings of a symposium 
sponsored by the Population Council 
and the Planned Parenthood Federation, 
attended by more than 70 qualified 
students of fertility and reproduction, 
are herewith presented. The reports, 
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CLINICAL APPLICATION OF 
HYPERBARIC OXYGEN 


I. Boerema, et al., editors. Proceedings of the 
First International Congress on the Clinical 
Application of Hyperbaric Oxygen in Septem- 
ber 1963. It discusses the application, 
limitations and dangers involved in the 
principle of hyperbaric oxygen drenching, 
first introduced in operative surgery by 
Prof. Boerema in 1956. Sept. $20.00 


NEUROPS Y CHOPHARMACOLOGY, V.3 


P. B. Bradley, et al., editors. Proceedings 
of the Third Meeting of the Collegium In- 
ternational Neuro-Psychopharmacologicum, 
Munich, 1962. Covers three Symposia, two 
Round-Table Conferences and a series of 
short papers and communications. 

Sept. $25.00 


PHOSPHOLIPIDS: CHEMISTRY, 
METABOLISM AND FUNCTION 


G. B. Ansell and J. N. Hawthorne. (BBA 
Library, Vol. 3). A comprehensive account 
of modern developments, particularly the 
last ten years, in the expanding field of 


phospholipid biochemistry. Sept. $20.00 


RICE GENETICS AND CYTOGENETICS 


R. F. Chandler, Jr., editor. Proceedings of 
the Symposium on Rice Genetics and Cyto- 
genetics, Los Banos, Philippines, in 1963. 

Nov. $14.50 


CELLULAR CONTROL MECHANISMS 
AND CANCER 


P. Emmelot and O. Muhlbock, editors. Pro- 
ceedings of a conference held in Amsterdam, 
September 1963, on the semi-centenary of 
the Netherlands Cancer Institute. Aug. $20.00 


IMMUNO-ELECTROPHORETIC 
ANALYSIS 


P. Grabar and P. Burlin. This book covers 
IEA techniques, analysis of normal and 
pathological plasma including results and 
diagnosis, and data derived from IEA. studies 
of extravascular fluids. July $15.00 


STEROID CHROMATOGRAPHY 


R. Neher. A detailed exposition of techniques 
best suited for the analysis of steroids, 
sterols, and related compounds. Includes 
apparatus specially adapted for this purpose, 
typical examples of applications, and rela- 
tionship between chemical structure and 
chromatographic behavior. June $11.00 


PROGRESS IN BRAIN RESEARCH 


Four new titles in this International Multi- 
disciplinary Series designed for laboratory 
and clinical personnel concerned with the 
brain sciences: 


SLOW ELECTRICAL PROCESSES IN 
THE BRAIN (PBR Vol. 7) 


N. A. Aladjalova. Of the electrical poten- 
tials arising from the brain, the ‘infraslow’ 
rhythmic oscillations may well hold the 
key to a number of fundamental problems 
in the study of the electrical activity of the 
brain. Their nature, mechanism, and func- 
tion form the main subject of this volume. 

Sept. $12.75 


BIOGENIC AMINES (PBR Vol. 8) 


H. Himwich and W. Himwich. Presents 
findings of a symposium on binding sites 
of brain biogenic amines, held at Galesburg, 
W., April, 1963. Papers are by specialists 
from the U.S.A., Canada, Argentina, Sweden, 
Great Britain, Germany and The Nether- 
lands. July $14.50 


THE DEVELOPING BRAIN (PBR Vol. 9) 


H. Himwich and W. Himwich. A. series of 
articles presented at a symposium on the 
subject held at the Galesburg Research 
State Hospital, Galesburg, IH., April 1963. 
The contents will appeal to those in re- 
search on maturing animals, as well as to 
neurologists, and pediatricians. Aug. $14.50 


PHYSIOLOGY OF SPINAL NEURONS 
(PBR Vol. 12) 


J. C. Eccles and J. P. Schade. The physiol- 
ogy of spinal neurons has been the prime 
subject in basic neurophysiology in many 
laboratories all over the world. This volume 
gives a complete account of research of the 
Nobel-prize winning laboratory at Canberra 
(Australia) and many other leading re- 
search centers. Oct. $16.50 


AMERICAN ELSEVIER PUBLISHING COMPANY, INC. 
52 Vanderbilt Avenue, New York, N. Y.10017-— Telephone (212) MU 6-5277 
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covering topics of Spermatogenesis, 
Physiology of the Male Accessory 
Organs, Composition and Physiology of 
Semen, Sperm Migration in the Female 
Genital Tract, Oogenesis and Ovulation, 
Fertilization and Transport of the 
Ovum, Implantation Mechanisms, and 
Immunological Phenomena, presented 
by research workers in the respective 
fields, form the basis of the text. 

These data, first presented in 1959, 
have been updated to 1962. The con- 
tributors had the unusual opportunity 
of revising the text in the light of con- 
tinuing work in this active field. A list 
of 150 problems that need investiga- 
tion has been compiled in the course of 
the discussions and is in the appendix 
to the text. This interesting accumula- 
tion of unknowns is a challenge to 
students of conception. 

The scope of knowledge of the mecha- 
nisms of fertility as well as control of 
conception is clearly defined. The ex- 
perimental methods for the control of 
conception by such sophisticated means 
as ovulation inhibition, immunological 
reactions affecting sperm production and 
viability, factors favoring implantation, 
etc. constitute some of the described ap- 
proaches to population control. 

The presentations are very sub- 
stantial and adequately illustrated. 
This book is highly recommended for 
the practicing physician and the re- 
search scientist. William Kleinberg 


Symbiotic Associations (Thirteenth Sym- 
posium of the Society for General 
Microbiology), edited by P. S. Nur- 
MAN & B. Mosse; 356 pages; $9.50; 
New York: Cambridge University 
Press, 1963. 


_ Organisms are not always what they 
seem to be. Reading through the fifteen 
papers in this collection one is reminded 
that not only are lichens composed of 
separable and distinct groups of or- 
ganisms but so are trees, bacteria, 
cows and orchids. In many biology 
courses it is probably not made clear 
that these obligate spatial associations 
are so widespread and general. From 
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this symposium, it seems that there is 
no major group of animals, plants, or 
microorganisms which does not include 
several examples of symbiotic associa- 
tions. Legumes and other plants: fix 
atmospheric nitrogen in symbiotic as- 
sociation with bacteria, coral animals 
supply nitrogen and phosphorus wastes 
to vast intracellular populations of algae 
which, in turn, facilitate coral reef build- 
ing by utilising carbon dioxide and 
maintaining the internal pH. Pine trees 
absorb nutrients from the soil more 
efficiently through infecting fungal 
hyphae than through their own roots, 
arthropods are “veritable cultures of 
microorganisms” and cows are aerobes 
surviving on otherwise non-utilizable 
foods by the maintenance of an internal 
anaerobic culture flask—the rumen. 

These papers are concerned with the 
“origin, organization, and functioning of 
symbiotic systems,” especially “ecology 
and taxonomy, methods of transmission, 
and metabolic interactions between 
symbionts, particularly at the nutri- 
tional level.” The directives of the 
editors have been complied with by 
most of the contributors and the result 
is an exciting and probably important 
book. The emphasis of the different re- 
views varies, reflecting in an interesting 
way the preoccupations of the different 
groups of workers. Most of the papers 
have detailed discussion of the biological 
advantages accruing to the partners, 
with more or less incomplete descrip- 
tions of their biochemical and mecha- 
nistic bases. In contrast, a discussion of 
mechanisms comprises almost the whole 
of the article on phage lysogeny, this 
analysis being by far in advance of that 
in any of the other systems, while the 
biological basis of this “symbiosis” 
can hardly be guessed at. 

This symposium, like most of its 
excellent predecessors, should be an 
obligatory part of the library of any 
Biology Department. The general view 
of biology given by it is novel and 
realistic and it suggests almost endless 
possibilities for ecological, genetic and 
biochemical investigation.—W. D. 
Donachie 


Y | 
4 NEW McGRAW-HILL BOOKS 


BIOLOGICAL SCIENCES 


INTRODUCTION TO GENETICS: A Program for Self-instruction. 
By EDWARD J. KORMONDY, Oberlin College. 255 pages, ,$5.95 
(cloth), $3.95 (soft cover). Permits the student to work independ- 
ently in developing vocabulary, principles, and concepts con- 
cerning cell reproduction and basic genetics. m PLANT GROWTH 
AND DEVELOPMENT. By A. CARL LEOPOLD, Purdue University. 
McGraw-Hill Publications in the Biological Sciences. Available in 
November. A text for advanced courses in plant physiology with 
emphasis on the developmental aspects of plant physiology and 
the increasingly dominant theme of biochemical regulation of 
growth and developmentin physiological phenomena. m 


SCIENCE AND ENGINEERING 


INTRODUCTION TO PHYSICS AND CHEMISTRY. By ARTHUR 
BEISER, formerly New York University; and KONRAD KRAUSK- 
OPF, Stanford University. 527 pages, $7.95. Brings together the 
subjects of physics and chemistry for a two-semester combined 
course by basing its treatment on the common and fundamental 
SAS underlying the two sciences. » SOLAR SYSTEM ASTRO- 
PHYSICS. By JOHN C. BRANDT, Kitt Peak National Observatory; 
and PAUL HODGE, University of California, Berkeley. 448 pages, 
$12.50. Brings to students and professional workers the basic 
knowledge and eile behind modern solar system science. m 
PLASMA KINETIC THEORY. By D. C. MONTGOMERY and D. A. 
TIDMAN, both of the University of Maryland. McGraw-Hill Ad- 
vanced Physics Monograph Series. 268 pages, $11.50. Provides a 
detailed and self-contained introduction to, and critique of, the 
present state of the microscopic foundations of plasma kinetic 
theory. m INTRODUCTION TO PLASMA PHYSICS. By MARTIN A. 
UMAN, University of Arizona. 226 pages, $10.00. Designed for a 
one semester course, this text introduces the student to the physi- 
cal and mathematical concepts fundamental to all branches of 
plasma physics and engineering. m COSMIC RAYS. By BRUNO 
ROSSI, Massachusetts Institute of Technology. 288 pages, $5.95 
SSA $2.95(Soft cover). The foremost pe en in the field un- 
olds a simple yet scientifically accurate historical narrative of 
cosmic rays. m INTRODUCTION TO GENERAL RELATIVITY. By 
RONALD ADLER,Stanford University; MAURICE BAZIN, Prince- 
ton University; and MENAHEN SCHIFFER, Stanford University. 
International Series in Pure and Applied Physics. Available in 
November. An introduction to the fundamental mathematical and 
physical concepts of the general theory of relativity. m 


EXAMINATION COPIES AVAILABLE ON REQUEST 
McGRAW-HILL BOOK COMPANY 


ę 330 WEST 42ND STREET / NEW YORK, N. Y. 10036 9 
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Biochemistry & Physiology of Plant 
Immunity by B. A. RūBIN & Yu. V. 
ARTSIKHOVSKAYA} 358 pages; $14; 
The Macmillan Co., Pergamon, 1964. 


Rubin and Artsikhovskaya are dis- 
tinguished leaders of Russian research 
on the Tesistance of plants to disease. 

It goes without saying that resistance 
overrides susceptibility to disease in 
plants as wel as in animals. Were this 
not so, plants and animals would have 
disappeared from the earth. One hears 
these days much talk. that plants and 
animals are chemically alike. Whatever 
be the chemical similarities, when an 
animal dies, it loses its resistance to 
microbial invasion; innumerable plants 
do not. Witness the cedar fence post, the 
chestnut rail, and the oak leaves. 

Plant pathologists, however, have 
been unduly impressed with the passive, 
dead-tissue resistance of plants. Bereft 
of phagocytes and classical antibodies, 
living tissues of plants must contain 
anti-microbial chemicals like those that 
can be isolated from rot resistant logs, 
phenols, alkaloids, fungitoxic sulfur 
molecules, amines, and the like. Very 
few such compounds were ever impli- 
cated in resistance of living plants, how- 
ever. 

Within the last couple of decades, the 
emphasis has changed to considering 
that resistance in plants has a component 
associated with life—that resistance is a 
living, dynamic process that it is not 
necessarily due to poisonous chemicals 
lying in ambush for an invading patho- 
gen. 

Rubin and Artsikhovskaya have 
played an important role in this new 
look. Resistance is still chemical in 
nature but the chemicals are synthe- 
sized at the time of—and by the stimu- 
lus of the attack. In Rubin’s Russia 
these compounds are called phyton- 
cides—killers from living plants. Miller, 
formerly of Australia, calls the sub- 
stances, phytoalexins, warding-off com- 
pounds in plants. 

The theory behind phytoncides or 
phytoalexins is producing new knowl- 
edge about plant resistance in rapid 
order. This book summarizes very well 
indeed our present knowledge. It will 
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provide a firm base. Those concerned 
with disease resistance in plants or 
animals will wish to have it.—James G. 
Horsfall 


The Web of the Spider by L. B. Lovers; 
44 pages; $3.50; Cranbrook Institute 
of Science, Bloomfield Hills, Michi- 
gan, 1964. 


This book is a delight to the eye. The 
author has prepared exhibits of spider 
webs for the Cranbrook Institute of 
Science, and her art director-husband 
has designed the book and directed its 
production from the exhibits. There is 
much to be learned from just looking at 
the animals and their webs. The quality 
of the pictures seems to justify the fact 
that they take more space in the book 
than the text. It may be regarded as a 
drawback that the writing has been kept 
so brief that every sentence had to be 
loaded ‘with information; but it is 
gratifying to notice that it is still clear 
and readable. This is not a scientific 
book and many observations which seem 
to the reviewer of interest in connection 
with spider webs are not discussed. The 
fact, however, that the pictures were 
prepared directly from photographs and 
the method of collecting and preserving 
spider webs is clearly described makes 
the book useful for the interested natu- 
ralist as well as for the more sophis- 
ticated researcher.— Peter N. Witt 


Solar Flares by H. J. Smrte & E. V. 
SMITH; 322 pages; $12.95; The Mac- 
millan Co., 1963. 


The advent of radio astronomy, the 
IGY, and space research has moved 
solar flares from the realm of photo- 
graphic solar patrols into a rapidly de- 
veloping subject of concern to many 
overlapping areas of science. This book 
fills the resulting need for a coherent 
summary of existing observations. It 1s 
well wriften and organized, informative 
to the scientist or amateur astronomer 
desiring an introduction to solar flares, 
yet sufficiently comprehensive (espe- 
cially in Chapters II and III) to be a 
useful handbook for workers in the 
field, with a good bibliography and in- 
dex. Chapter I is a summary con- 


cerning the structure of the solar atmos- 
phere and the most important types of 
solar activity. The many (and fre- 
quently bewildering) specialized terms 
used in the literature are carefully de- 
lineated. 

Half of the book is a survey of the 
photographie observations made in the 
last three decades, conveniently divided 
into monochromatic and spectral flare 
characteristics (Chapters II and III, 
respectively). Emphasis is placed on the 
severe limitations imposed by each type 
of observation and by the frequently low 
number of events in statistical investi- 
gations. Care is taken to present both 
sides of apparently contradictory ob- 
servations and interpretations, but the 
authors do not hesitate to express their 
own opinions also. General results which 
are frequently quoted as facts in theo- 
retical papers are shown to be far more 
ambiguous than theoreticians would like 
them to be. 

Chapters IV through VI review in a 
less detailed manner the solar radio and 
corpuscular emissions, associated geo- 
physical phenomena, and the main 
existing theoretical explanations of 
flares. Details which are soon to be out- 
dated are minimized; emphasis is placed 
on a qualitative description of the many 
different types of observed phenomena. 
The extremely rudimentary state of 
theoretical explanations amply justifies 
the very descriptive nature of the whole 
book.—Donai G. Wentzel 


Paleocurrents & Basin Analysis by PAUL 
Epwin Porrer & F. J. PETTIJOHN; 
296 pages; 30 halftone plates; $10; 
Springer-Verlag (Academic Press), 
1968. 


Many features of sedimentary rocks 
indicate the direction of ancient cur- 
rents and, by extension, some of the 
characteristics of the basin in which 
these rocks formed. The vast extent of 
the literature on these subjects has 
created a need for the systematic treat- 
ment of the available data. This book 
answers this need in a very satisfactory 
way by integrating the nature, origin, 
and utility of the many sedimentary 
structures that indicate current direc- 
tions. The authors have given us more 


than a scholarly review of the subject, 
including the historical background; 
they have added to it much of their own 
work, some of it previously unpub- 
lished, and their distinctive contri- 
bution of the unifying concept that ties 
it all together, what is called the “Basin 
Model.” ° 

Potter and Pettijohn have focused 
attention on ancient rocks and present 
forcefully the point of view that most 
sedimentary structures are better under- 
stood by careful observation of ancient 
rather than of modern sediments. In 
this spirit they have emphasized the use- 
fulness of structures for the determi- 
nation of paleocurrents and have given 
relatively little consideration to funda- 
mental fluid mechanics by which the 
structures are produced. In writing this 
book, then, they have had the approach 
of the historical geologist rather than 
that of the student of any particular set 
of sedimentary processes. 

This attitude dictates the chapters on 
“Dispersal and Current Systems” and 
“Basin Analysis and the Sedimentary 
Model” being the summation of the 
book. I know of no other place in the 
geologic literature where these subjects 
have been tackled with such competence 
and salutary results. 

The book will have many uses: for 
recognition of the many „sedimentary 
structures, in particular the sole mark- 
ings; as an introduction to the meth- 
odology of study of those structures; for 
pointing out the relationships between 
the results obtained by the stratig- 
rapher, the petrologist, the subsurface 
geologist, and the geophysicist. Not the 
least of its virtues are the extensive list 
of references at the end of each chapter 
and the useful indices (subject, author, 
formation). 

The high mark of the book is the col- 
lection of the 30 plates, superb photo- 
graphs that are the next best thing to 
seeing these features in the field. The 
same authors’ atlas and glossary of 
sedimentary structures, which will be 
forthcoming soon, will no doubt be an 
even more impressive visual display. I 
hope that, in that book, they will con- 
vince their publishers to use larger type 
for illustration captions. 
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i THE PROFESSOR 


“WASHED 


AND IRONED"... 


v 


In 1909 a young professor at the University of Chicago worked late, missing a 


dinner party. One of the guests was baffled to hear the explanation: “he had 
washed and ironed for an hour and a half and had to finish the job.” 


Robert A. Millikan was indeed hard at work, watching an ion — an ionized 
droplet of oil suspended in air between the opposing forces of gravity. When 
the “job” was finally finished — hundreds of hours of patient observation later 
— the youyg professor had demonstrated for the first time the unitary nature 
of electricity, a discovery which later brought him the Nobel Prize.* The Uni- 
versity of Chicago provides a highly charged atmosphere for scientific research. 
And the University of Chicago Press is ever watchful for scientific develop- 


ments around the world. The result is books like these: 


GRAVITATIONAL COLLAPSE 

Edited by Ivor ROBINSON, ALFRED SCHILD, and E. L. 
SCHUCKING. The major addresses of the 1963 conference 
on one of the most amazing discoveries of our times: 
quasi-stellar radio sources. Details to be announced. 


A MODERN ALGEBRA FOR BIOLOGISTS 

Ry Howarp M. NAHIKIAN. An advanced text, starting 
with the elements of set theory and applications of sets 
to biological models. 248 pp. $10.00 


THE VEAR OF THE GORILLA 

By GEORGE B. SCHALLER. “A superb book that surpasses 
any animal book I have read for a long time... extraor- 
dinary photographs.” — New York Times. 


Illus. 270 pp. $5.95 


*Millikan himaelf dencribes his many reacarches 
in the elasste work THE ELECTRON, first pub- 
lished by the Univereity of Chicago Press in 
1917. Reprint edition, 1968, with an introduc- 
tion by Jesse W. M. DuMond. $0.00 cloth, $2.45 
paper 
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SIGNS AND WONDERS UPON PHARADH 


By JOHN A. WILSON. A history of American Egyptology. 
Illus, 272 pp. $5.95 


TPREHISTORIC MAN IN THE NEW WORLD 


By Jessé D. JENNINGS and EDWARD Norseck. The princi- 
pal findings, past and current, about man’s life in prehis- 
toric America and the Arctics. 643 pp. $10.00 


MENTAL RETARDATION 


Edited by Harvey A. STEVENS and Rick HEBER. With the 
precise cause of only 1/5 of all retardation cases known, 
this comprehensive research review points to avenues of 






future investigation. 554 pp. $12.50 
UNIVERSITY C i 
CHICAGD ` Chicago and London 


Other important scientific titles: 


Biology and Medicine 
THE BIOLOGY OF MIND 


Walter Rudolf Hess. 192 pp. $5.50 
TRANSMETHYLATION AND METHIONINE 
BIOSYNTHESIS 


Stanley K. Shapiro and Fritz Schlenk, eds. 
Details to be announced. 

THE MANAGEMENT OF WILD ANIMALS 

IN CAPTIVITY 

Lee 5S. Crandall. Illus. 776pp. $13.60 


SOCIAL BEHAVIOR AND ORGANIZATION 
AMONG VERTEBRATES 


William Etkin, ed. Illus. 8319 pp. $7.50 
MAN MUST EAT 
Sir William Slater. 123 pp. $3.75 


THE FOSSIL EVIDENCE FOR HUMAN 
EVOLUTION 

Revised Edition. An Introduction to the 
Study of Paleoanthropology. W. E. LeGros 
Clark. 256 pp. $6.00 


GENETICS AND THE SOCIAL BEHAVIOR 
OF THE DOG 
John Paul Scott and John L. Fuller. 
Illus. 448 pp. $12.50 


tBEHAVIORISM AND PHENOMENOLOGY 
Contrasting Bases for Modern Psychology 
T. W. Wann, ed. 201 pp. $65.00 


Anthropology 
RELIGIOUS OBSERVANCES IN TIBET 
Patterns and Function 
Robert B. Ekvall. 


SACRIFICE 
Its Nature and Function 
Henry Hubert and Marcel Mauss, 
174 pp. $3.25 


368 pp. $8.95 


THE PEOPLES OF SIBERIA 
M. G. Levin and L. P. Potapov, eds. 
956 pp. $20.00 
ANCIENT MESOPOTAMIA 
Portrait of a Dead Civilization 
A. Leo Oppenheim. Illus. 464 pp. $8.50 


GREECE IN THE BRONZE AGE 
Emily Vermeule. 


Illus. 400 pp. $10.00 


THE ETRUSCANS 
Their Art and Civilization 
Emeline Hill Richardson, 
Illus. 302 pp. $7.95 


Physics & Mathematics 
THE NATURAL RADIATION ENVIRONMENT 


John A. S. Adams and Wayne M. Lowder, 


eds. 1083 pp. $15.00 
STATISTICAL THEORY OF LIQUIDS 
I. Z. Fisher. 408 pp. $13.60 


THE THEORY OF SHEAVES 

Lecture Notes from a Course Given at 
Oxford University 

Richard G. Swan. 160 pp. $2.00 


CONTINUED FRACTIONS 
A. Ya. Khinchin. 111 pp. $5.00, paper $1.95 
tRice University Semicentennial Series 


DESCRIPTIVE CATALOGS and lists are 
available on request, i 


UNIVERSITY OF | 
CHICAGO PRESS (hy 


5750 Ellie Avenue 
Chicago, Illinois 60687 





I cannot see that a sedimentologist or 
stratigrapher will have a complete 
shelf of books without this publication. 
Raymond Stever 


Physics & Chemistry of the Organic 
Solid State, Vol. 1, edited by D. Fox 
el al.; 823 pages; $25: John Wiley & 
Sons, Interscience, 19638. 


Interest in the properties of organic 
solids has been noticeably increasing 
during the past two decades. Con- 
trasted with the explosive rise of knowl- 
edge about inorganic solids such as 
metals, semiconductors, and ionic crys- 
tals, and the use of the electronic prop- 
erties of these materials, the organic 
field seems to have been’ relatively ne- 
glected. A large part of this result is 
certainly due to the fact that physicists 
and physical chemists found it easier to 
apply their knowledge to inorganic 
crystals than to organic ones; it Is not 
because organic crystals have less re- 
markable properties. 

The book under review should pro- 
vide a relatively easy and broad intro- 
duction for physicists and chemists to 
the current state of knowledge of the 
organic solid state. It contains the most 
complete review of the thermodynamic 
properties of organic solids now in 
print, accompanied by an extensive re- 
view of the literature of this subject. 
This is supplemented by a chapter on 
“plastic crystals,” i.e., those which have 
molecular motion in the solid and there- 
fore display unusual thermodynamic, 
mechanical, and electronic properties. 

A chapter on photochemical reactions 
gives a brief account of the systematics 
which have been discerned in this area 
as well as some of the bizarre reversible 
and inreversible processes which can 
occur. Probably the unique photo- 
chemical behavior of organic crystals, 
more than any other property, dis- 
tinguishes them from inorganic ones, 
Four chapters dealing with electronic 
properties—electronic absorption, in- 
frared absorption, dielectric phenomena, 
and electron transfer—illustrate the 
special behavior of molecular crystals. 
A significant omission from the book in 
this category is the rapidly developing 
field of exciton motion. 
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Several other chapters—crystal form 
and structure, structure of surfaces, 
crystallization of polymers, thermal re- 
actions of solids—help to complete the 
picture and provide food for thought 
and imagination. The excellent chapters 
on purification and crystal growth 
should encourage definite steps toward 
the realization of new ideas.—Donald 
S. McClure 


Brains, Machimes, & Mathematics by 
M. A. ArRBrB; 152 pages; $6.95; 
McGraw-Hill Book Co., 1964. 


In less than 150 pages Michael A. 
Arbib romps through the thickets of 
neural nets, finite automata, Turing 
machines, the relation of structure to 
randomness, the reliability of brains and 
similar devices, the crucial notions of 
cybernetics, with an appendix on set 
theory, linking it to modern secondary 
school education. 

The author gives his readers a spark- 
ling primer of one of the fastest growing 
fields of science. It is written for the in- 
telligent and interested ignoramus, as 
each of us is in another’s science. It 
follows the development of all of the 
crucial ideas, conveying their substance 
to the uninitiated, and displays them in 
their logical relations. 

The style is fluent and informal, but 
the definitions are crisp and the argu- 
ment sharp: Perhaps its most remark- 
able achievement is that even a high 
school student can set the book down 
and come away with a knowledge of 
Gédel’s theorem, a realization of its 
relevance, and an understanding of its 
proof, 

The notes from which it sprang were 
the substance of a dozen popular lec- 
tures recorded and still in vogue in 
adult education in Australia. The text 
will be used as the basis on which to 
build courses in which biology and tech- 
nology are married to fit students for 
the challenge of our age. They will enjoy 
the brevity of its wit and be grateful for 
the critical hints of other things worth 
reading —W. S. McCulloch 


- Dynamics and Thermodynamics of Plan- 
etary Entry by W. H. T. Low; 268 
pages; $12; Prentice-Hall, Ine., 1968. 
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In the preface to this book on entry 
dynamics and thermodynamics, the 
author states that his purpose is to make 
available to students, engineers, and 
scientists ‘‘those recent works on re- 
entry and planetary entry which would 
be suitable as an introductory text in 
the subject as well as a reference work 
for more advanced research.” In a cer- 
tain sense, Dr. Loh has achieved his 
goal for he has indeed made available in 
book form a collection of the results of a 
number of the outstanding contrib- 
utors to the field of entry physics and 
dynamics. This reviewer, however, must 
confess that he was somewhat disap- 
pointed by the over-all impression made 
upon him by Dr. Loh’s book. A great 
deal of the material presented in this 
volume is set forth with such brevity 
that the text takes on the appearance of 
a set of edited lecture notes. This is most 
unfortunate, for the style chosen has 
tended to keep careful discussion and 
critique of many of the basic assump- 
tions made and the physics underlying 
these assumptions to a minimum. The 
ultimate result of this choice of style is 
that Dr. Loh’s book is more a compen- 
dium of existing technique than it is a 
definitive treatise on entry dynamics 
and thermodynamics. 

The book is divided into three parts. 
The first, and by far the largest, part of 
the book is concerned with the point- 
mass dynamics of entry vehicles. The 
author has performed a valuable service 
here in drawing together the diverse 
work of a number of original contrib- 
utors to this field and exhibiting the 
relationship and interrelationship of the 
many approximate point-mass entry 
solutions which exist in the literature. 

The second part of Dr. Loh’s book is 
concerned with the aerodynamic heating 
of re-entry vehicles and the behavior of 
ablative heat shields. In this portion of 
the book the author presents a very 
brief and “‘broad-brush” look at the 
problems of thermal protection of entry 
vehicles. The presentation is limited to 
the very general methods that are in 
every-day use by systems engineers who 
are primarily interested in the specitica- 
tion and gross performance of heat 
protection systems. 

The final part of this book is very 


short and is devoted to two rather dis- 
jointed topics—the dynamics of spin- 
ning ballistic missiles and an intro- 
duction to the basic equations for orbi- 
tal mechanics. Both topics are treated 
in very brief outline form and it is a 
little difficult for this reviewer to under- 
stand the logic behind the inclusion of 
this material in the present volume. It 
would have seemed more appropriate to 
have included in the final part of this 
book a discussion of the short period 
motions of entry vehicles and their 
general effects on trajectory dynamics. 
Indeed, some of the analytical work of 
thestaff of the Ames Laboratory of NASA 
on the dispersion of entry vehicles due 
to angle of attack misalignment is so 
closely related to the discussion in the 
first portion of Dr. Loh’s volume that it 
is difficult to see how the author could 
have resisted the temptation to include 
this material in his book. 

In summary, then, the author of this 
short book on entry into planetary atmos- 
pheres has provided an exposition of the 
analytical tools that are presently 
available to the systems engineer for 
determining the point-mass dynamics 
and general heat shield requirements of 
a broad spectrum of entry vehicles. The 
volume should prove useful to the many 
engineers who, af the present time, are 
engaged in such studies.—C. Donaldson 


Dynamics of Manned Lifting Planetary 
Entry, edited by $. M. Scaua, et al; 
980 pages; $15; John Wiley & Sons, 
Inc., 1963. 


This volume presents the proceedings 
of the third mm a series of symposia co- 
sponsored by the Air Force Office of 
Scientific Research and the General 
Electric Company on the fundamental 
aspects of the aerospace disciplines. It 
has become the custom in recent years 
to publish the proceedings of confer- 
ences and symposia such as these in 
book form. In spite of some of the short~ 
comings of this method of publication— 
the most often heard objections being 
slowness of publication, non-uniformity 
of quality, and lack of continuity among 
the papers included in the proceedings— 
the present reviewer is, on the whole, in 
favor of this method of publication. 


Lea & Febiger Books 


Essentials of 


Practical Microtechnique 


By the Late ALBERT E. GALIGHER, and 
EUGENE N. KOZLOFF, Ph.D., Lewis and 
Clark College, Portland, Oregon. 484 Pages. 
60 Illustrations. $10.00 , 


1964. This book provides detailed explanations 
of the procedures commonly used in preparing 
material for microscopic study. It includes 
the use of the microscope; organization of the 
laboratory; methods for the study of living 
and fresh material; fixation; staining; paraf- 
fin, nitrocellulose and freezing methods; metal- 
lic impregnation; permanent mounting media; 
a summary of procedures recommended for 
various types of material used in teaching and 
research laboratories; and a table of weights 
and measures. Based on actual experience, it 
offers explanations in detail and indicates 
pitfalls to be avoided. 


Small Animal Anesthesia 


By WILLIAM V. LUMB, D.V.M., Colorado 
State University, Fort Collins. 420 Pages. 
125 Illustrations, 1 in Color. $411.50 


1963. Devoted strictly to small domestic, 
laboratory and wild animal anesthesia, this text 
describes anesthetic technique and equipment 
needed to cope with nor and emergency 
situations. Basic principles are clearly dis- 
cussed, and methods for handling unusual 
situations are explained in detail. Electro- 
narcosis, hypothermia, resuscitation, heart-lung 
bypass, and cardiac massage are among the 
recent advances included in this book which 
covers fish, amphibia, reptiles, and mammals, 
from mice to the larger African species. 


An Atlas of Human Histology 


By M. S. H. diFIORE, University of Bueno 
Aires. 2nd Edition. 224 Pages, 7” X 10°. 
103 Original Color Plates. $8.50. 


1963. This auxiliary textbook of histology, 
presents the usual entities encountered by the 
beginning student. It is a student’s manual, a 
color atlas of drawings, designed to present 
more details in a minimum of space and time. 
Full labels are used without abbreviations. 
Detailed legends are on facing pages. 


Write for 1965 Catalogue 


LEA & FEBIGER 


Washington Square, Phila., Pa. 19106 
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Happily, in the case of the present vol- 
ume, the general level of quality of the 
papers presented and the excellent job 
of achieving uniformity of style that 
has been accomplished by the editors 
only tend to strengthen the opinion of 
this reviewer that this method of pre- 
senting the transactions of symposia is 
highly desirable. 

There are thirty-four technical papers 
included in this volume. These papers 
are presented according to the sym- 
posium plan under one of the following 
six separate sections: 1. Planetary At- 
mosphere Models. 2. Aerodynamic Plas- 
mas. 3. Energy Management. 4. Aero- 
thermoelasticity. 5. Low Speed Aero- 
dynamics. 6. Hypervelocity Flows. 

It would not seem appropriate to re- 
view at this time each of the thirty-four 
papers which comprise this volume nor 
does it seem right that only a few of the 
more outstanding papers be selected for 
review. Instead it would seem proper to 
comment on the over-all impression 
given by this volume and to point out 
some of the general areas in which it is 
felt that new and useful information is 
presented. 

First of all, the general quality of the 
papers presented at this symposium was 
high, and, in spite of the fact that many 
of these papers tend to present a rather 
broad picture of the state of the art, 
their technical content is such that they 
are not intended for the consumption of 
the non-professional. These proceedings 
will, therefore, be found useful and en- 
lightening by the serious professional 
engineer or scientist. Although the 
whole spectrum of entry technology is 
covered in this volume, some areas are 
covered in somewhat more detail than 
others. Those areas which have been 
given somewhat more coverage than 
others should be mentioned. They are 
communications in plasma media, chem- 
ical kinetics in high temperature gases, 
and the aerodynamics and handling 
qualities of manned entry vehicles 
which are capable of tangential landing 
capability. 

The editors and publishers of this 
book on entry technology should be 
congratulated for having turned out a 
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very creditable volume reporting the. 
proceedings of the third AFOSR-GE 
sponsored symposium on the aerospace 
disciplines.—C’. Donaldson 


International Auroral Atlas by J. PATON 
et. al.; $8.75; Aldine Publishing Co., 
1963. 


The Atlas is an outcome of the second 
international effort to improve the 
classification of the aurora which is one 
of the most complicated, but yet one of 
the most fascinating phenomena in 
nature. The difficult task was accom- 
plished by a subcommittee of the Inter- 
national Association of Geomagnetism 
and Aeronomy (LAGA), with the chair- 
man J. Paton. 

The Atlas certainly reflects the ad- 
vance in our knowledge of the aurora 
after the first edition was published in 
1930, under the leadership of the late Carl 
Stormer. Instead of simply grouping 
various types of the auroras, a more 
systematic (or even ambitious) classi- 
fication is attempted in the new Atlas; 
auroral characteristics are described in 
terms of condition (cf. quiet (q), active 
(a)), structure (cf. homogeneous (H), 
rayed (R)), form (cf. band (B), patch 
(P)), brightness index (0, 1,..., 4), and 
color class (a, b,..., Í. For example, 
“aRB3b” signifies an active rayed 
band with the brightness of order 10 
kilorayleighs and with a red lower 
border. 

Based on the new classification, various 
auroral forms are then illustrated by 
(37) photographs, both in black and 
white (32) and color (5). Most of the 
black and white photographs are well 
chosen and will serve, as typical ex- 
amples, for the purpose. They are 
further supplemented by 20 all-sky 
camera photographs. The color photo- 
graphs are, however, far from 
reality. 

It is fortunate that the Atlas is now 
available to those who participate in the 
International Year of the Quiet Sun 
(IQSY) which is now underway. The 
practical usefulness of the new classi- 
fication will certainly be tested by 
them.—8S. I. Akasofu 


The Physiology of Insect Senses by V. G. 
DETHIER; 266 pages; $7.25; John 
Wiley & Sons, 1963. 


Insects differ so much in external form 
and habit from ourselves that it is per- 
haps surprising to find their basic func- 
tions to be often very similar to ours. 
This is nowhere truer than in their 
sensory physiology, that is, in the man- 
ner in which changes in the external 
world are translated by insect sense 
organs into patterns of nerve impulses. 
Dr. Dethier shows that the difference 
is mainly one of complexity, the small 
size of Insects requiring that they ac- 
complish with a few sense cells tasks of 
detection for which we employ hundreds 
of times as many detector units. The 
physiologist can put this characteristic 
to good use, for it is much easier to re- 
late the operation of such a simple sys- 
tem to how the whole animal responds. 
For instance, Dr. Dethier shows that a 
microscopic drop of sugar placed on a 
single receptor cell on a fly’s proboscis is 
capable of releasing the full pattern of 
feeding behavior. No cause-and-effect 
relation could have a simpler starting 
point—at least at the cellular level. The 
book provides a thoughtful and bal- 
anced overview of recent work on the 
major insect senses, documented with 
forty-one pages of references. Full at- 
tention 1s given to the structural organi- 
zation of receptors as well as the physi- 
ological and behavioral evidence of 
their function. If the book has a weak- 
ness it is a lack of logical underpinning 
to some of the electrophysiological 
statements. Otherwise, this is an emi- 
nently readable account that somehow 
manages to span levels of interest from 
college freshman to postdoctoral fel- 
low.—Kenneth D. Roeder 


Radio Ray Propagation in the Iono- 
sphere by J. M. KeLso; 408 pages; 
$17.50; McGraw Hill Book Co., 1964. 


This book deals with the subject of 
geometrical optics of radio waves in the 
ionosphere. The theoretical and experi- 
mental aspects are covered about 
equally. The author himself has made 
substantial contributions to the subject 
and these portions of the material are 
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FOUR NEW REFERENCES 


Hoseh & Hoseh: RUSSIAN-ENGLISH 
DICTIONARY OF CHEMISTRY 


AND CHEMICAL TECHNOLOGY 


by Mordecai Hoseh, Institute of Contemporary 
Russian Literature, Fordham University, and 
Melanie L. Hoseh. 
1964. 540 pages. $15.00 
Immediate access to more tfian 40,000 terms used 
in chemistry, chemical technology, physics, math- 
ematics, and engineering. The most compre- 
hensive dictionary of its kind; of immediate use 
to anyone who works with Russian Literature. 


Spirin: MACROMOLECULAR 
STRUCTURE OF RIBONUCLEIC 
ACID 

by A. S. Spirin, USSR Academy of Sciences; 
Translation Editor, J. A. Stekol, Institute for 
Cancer Research, Philadelphia 


1964. 192 pages. $10.00 
Describes all known facts about the macromolec- 
ular structure of the various RNA’s. A thor- 


ough-going summary of Russian work in the 
field. The author focuses on the relationship 
between the macrostructure and the biological 
function of nucleic acids. 


Hampel: THE ENCYCLOPEDIA 
OF ELECTROCHEMISTRY ~ . 

Edited by Clifford A. Hampel, Consulting Chemi- 
cal Engineer. 

1964. 1220 pages. $35.00 
Contains 412 entries prepared by 271 contribu- 
tors covering the entire field of electrochemistry. 


Hawley & Hawley: 


HAWLEY’S TECHNICAL SPELLER 
Compiled by Gessner G. Hawley and Alice W. 


Hawley 

1964. Paperbound. 144 pages. $2.50 
A wide selection of technical words used in the 
fields of chemistry, physics, electronics, engineer- 
ing, biology, and medicine. 
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particularly well done. 

Following an interesting historical 
introduction, the author gives a lucid 
description of the theory of the propa- 
gation of electromagnetic waves in a 
homogeneous isotropic media. The sec- 
tions on elliptical polarization include 
some ‘valuable charts based on the 
author’s original work. 

The next chapter is a readable survey 
of the physics of the ionosphere. This 
sets the stage for the following chapter 
which deals with the dispersion equation 
for propagation in the ionosphere in- 
cluding the effect of the earth’s magnetic 
field. The final two chapters deal with 
ray theory and procedures for ray trac- 
ing in the ionosphere. 

In the opinion of this reviewer, the 
basic shortcoming of the book is the 
omission of an adequate discussion on 
the validity of ray theory and the rela- 
tionships with wave theory. Full wave 
methods, which are promised for a sec- 
ond volume, should be part of the diet 
of current ionospheric research workers. 
With the availability of digital com- 
puters, many of the ray approaches to 
the subject are giving away to a direct 
frontal assault on the coupled differ- 
ential equations which describe the 
field components in the medium. Never- 
theless, the ray techniques, which are so 
well covered by Kelso in this book, will 
be with us for some time. 

For a first-year graduate course of 
lectures on radio propagation, the book 
would be indispensable. Also, apart 
from its obvious value to ionospheric re- 
search workers, the book should be a 
valuable reference for plasma physi- 
cists. 

The excessive price for such a slim 
volume is rather appalling but not too 
surprising in these days.—James R. Wait 


Radioactive Dating (Proceedings of Sym- 
posium, Athens, November 1962); 
440 pages; $8.50 paper; Obtainable 
from International Publications, Inc. 
& UNESCO Publications Center, 
317 E. 84th St., New York 10016. 


The stated aim of this symposium was 
to “reflect the present status of radio- 
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activites dating techniques as they are 
applied in the various disciplines.” 
This is a very ambitious statement 
which unfortunately can be only par- 
tially fulfilled in the field of geochron- 


ology. 

The thirty-one papers by nearly 
sixty authors are grouped into four 
sections: new methods and possibilities; 
geochemistry and geophysics; geology; 
and meteorites. Naturally, these divi- 
sions are somewhat arbitrary since a 
number of the papers could reasonably 
fit into more than one cateogory. 


Technically the book is quite good 
with clear type and a minimum number 
of typographical errors. Many of the 
papers contain very valuable informa- 
tion not easily obtainable elsewhere. 
However it shares, with other symposia 
volumes, several inherent weaknesses. 
First, the rate-determining step in such 
a volume’s publication is the prepara- 
tion of the most tardy manuscript—ap- 
parently about one year in this case. 
Second, in such a collection, coverage of 
any one subject is likely to be rather in- 
complete as not all workers within a 
field can attend such a symposium. 
Most significant, however, is that publi- 
cation of a bound volume imparts an 
aura of inviolability and finality to the 
papers included within it. Thus, if the 
refereeing system for the symposium is 
not as stringent as in most journals, 
there is heightened risk of including re- 
ports of less than the best quality. One 
of the more recent developments in 
geochronology, the fission track tech- 
nique of Fleischer, Price, and co- 
workers, could not even be mentioned 
in the text because its publication post- 
dated the symposium. 


I can recommend this book for in- 
clusion in Institution libraries or for the 
shelves of those specialists who may be 
involved in research in one of the fields 
covered. I do not believe, however, that 
this book can be used either as a survey 
of or an introduction to the subject of 
radioactive dating. The coverage is both 
too detailed and uneven to allow the un- 
familiar reader to gain an over-all im- 
pression of all of the recent develop- 
ments in geochronology.—Michael E. 
Lipschutz 


Handbook of Physiology, Section 4: 
Adaptation to the Environment, edited 
by D. B. Dru et al.; 1056 pages; $32; 
American Physiological Society (The 
Williams & Wilkins Co.), 1964. 


This monograph on Adaptation to 
Environment represents an important 
contribution to biological literature. It 
is not an encylopedia nor a compendium, 
but rather a series of chapters on various 
aspects of adaptation written by experts 
in these particular subjects. The word 
“Adaptation” is used to encompass 
nearly every aspect of an organism’s re- 
sponse to or relationship with its en- 
vironment. This book is written from 
the physiologist’s outlook on nature with 
especial emphasis on the effects of the 
physical environment. The editorial 
work is excellent. 

The first three chapters are introduc- 
tory to the monograph and give phil- 
osophical as well as physiological per- 
spective. The fourth chapter, written by 
an eminent Russian physiologist, on the 
subject of cellular adaptations gives an 
excellent basis for the next ten chapters. 
These chapters concern adaptations in 
the various organ systems to environ- 
mental stresses. Each chapter is written 
by an expert in the field. The chapter on 
respiration is particularly well done. 

A great deal of emphasis has been put 
on adaptations to desert and environ- 
mental temperatures, and cold arctic 
temperatures. Temperature regulation 
is also discussed. Six chapters by various 
experts comprise this portion of the 
monograph. These chapters are very 
well illustrated and leave the reader with 
a fairly clear mental picture of where and 
how much of the research has been ac- 
complished in these various fields. 

Authorship is international in char- 
acter. There were 66 authors involved 
and each wrote lucidly and concisely. 
There are some gaps. Adaptations of 
animals (exclusive of man) to high al- 
titudes is not treated as well as one 
would wish. Adaptative radiation of 
animals is not discussed. 

Two chapters on adaptation of man 
to high altitude, one by a Peruvian 
physiologist and the other by a British 
‘physiologist and mountaineer are par- 
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ticularly outstanding. They seem like a 
grand climax to this excellent mono- 
graph. 

The bibliographies are adequate and 
will be yery useful. The (subject) index 
is also very well compiled. The editors 
have done well in welding all of this 
material into one noteworthy contribu- 
tion. This book should be in every 
biological library.—F. G. Hall 


Biochemical Engineering, An Intreduc- 
tion by F. C. WEBB; 743 pages; 
$18.50; D. Van Nostrand Co., 1964. 


Biochemical engineering may be de- 
fined as embracing those aspects of 
chemical engineering, biochemistry, and 
biology which are important in the de- 
sign and operation of industrial units 
using biological processes or raw mate- 
rials. The scope of the book reflects the 
breadth of this definition. The first 
four chapters provide an introduction 
and discussion of microbiology and bio- 
chemistry. These are followed by five 
chapters dealing with colloids, emul- 
sions, reaction kinetics, thermodynam- 
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ics, and oxidation-reduction poten- 
tials. Next come chapters concerned 
with mass transfer, heat transfer, air 
compression and sterilization, chemical] 
disinfection, and preservation of bio- 
logical materials by cooling, drying, 
vacuum drying, and irradiation. Prod- 
uct isolation and equipment design 
are covered in two chapters while the 
remaining ones deal with production of 
enzymes, yeast, antibiotics, other fer- 
mentation products, vaccines, and sew- 
age treatment. At the end of each 
chapter are up-to-date references to re- 
views, Symposia, and research papers of 
significance, which are quite useful. 
Unfortunately, many errors are notice- 
able in the references. 

In comparison to an older book 
bearing the same title (Biochemical 
Engineering, R. Steel, Heywood, 1958) 
this book is somewhat superficial al- 
though much broader in coverage, not 
limiting itself to fermentation tech- 
nology. In almost no mstance is the de- 
velopment of a subject carried far 
enough to enable a student actually to 
design the process under discussion. 
Furthermore, although Dr. Webb of 
University College, London, has written 
this book as a result of his one year 
graduate course in biochemical engineer- 
ing which is open either to biochemists 
or chemical engineers, it would be, in 
large part, redundant and too elementary 
for the engineer. The biologist, though, 
would receive an adequate introduction 
to the quantitative side of the food and 
fermentation industries. 

The reviewer believes this book would 
be useful in an undergraduate survey 
course on biochemical engineering, but 
on the graduate level it would serve only 
to make unnecessary the first few min- 
utes of each hour’s lecture. For indus- 
trial readers interested in a small 
number of processes in a single in- 
dustry, the book is clearly of too general 
a nature—Richard I. Mateles 


Entropy by J. D. Fasr; 313 pages: 
$10.75; McGraw-Hill Book Co., 1962. 


This interesting volume might more 
descriptively be titled “Selected Topics 
in Statistical Thermodynamics.” The 
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actual title is a good one, however, for 
it is , among other things, a pedagogical 
device. The book “ ...endeavor(s) to 
reach all of those students and re- 
searchers to whom thermodynamics and 
statistical mechanics seem a. little fright- 
ening...,” and for this purpose under- 
takes, so to speak, to attack the dragon 
head-on. This approach has some merit 
although, as taken here, it sacrifices 
certain elements of balance. 

The treatment tacitly assumes the 
First Law of Thermodynamics (no 
mention is made of it in the index) but 
gives extended discussions of the Second 
and Third Laws, with special emphasis 
on their statistical interpretation. A 
good brief statement of quantum ideas 
makes possible a straightforward intro- 
duction of Bose-Einstein and Fermi- 
Dirac statistics, and the justification of 
Boltzmann statistics as the limiting form 
which they take in statistically dilute 
systems, Brief discussions are given of 


chemical equilibrium (for metallur- 
gists), paramagnetism and hw tem- 
peratures, interstitial atoms in body- 
centered cubic metals, substitutional 
alloys, ferromagnetism, vacancies and 
diffusion in solids, elasticity of rubber, 
solutions of polymers, radiation of heat 
and light, and fuel cells and heat pumps. 
Full chapters are devoted to the entropy 
of monatomic gases and to the entropy 
of diatomic gases. No mention is made 
of liquids, and the solid state is dis- 
cussed on the level of the Einstein ap- 
proximation, Debye being barely men- 
tioned. 

Being essentially a personal work, 
this book is open to personal criticism 
in such matters as choice of materials 
for inclusion, which explanations should 
be detailed and which sketchy, where 
emphasis should be placed, ete. It does 
a considerable number of things very 
well, however, and can be recommended 
either for ‘“brush-up” study by those 
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who have left school or as collateral 
reading in a statistical thermodynamics 
course.—Henry S. Frank 


Poisonous Plants of the United States & 
Canada by J. M. Kinaspury; 626 
pages, 129 figures, 4 color plates; 
$13; Prentice-Hall, 1964. 


This magnificent compilation should 
have been titled “A Veterinarian’s 
Handbook to the Poisonous Plants of 
the United States and Canada.” In any 
other sense it will scare the human being 
to a meal of dandelion greens and sugar 
cane, about the only two items of the 
human diet not mentioned as toxic. Ac- 
cording to the author’s lists a typical 
poisonous menu could consist of: appe- 
tizer—tomato; salad—avacado, lettuce, 
cucumber, and radishes; entree—mus- 
sels and fish made poisonous with dino- 
flagellates, and hallucinogenic with 
mushrooms; vegetables—beans, aspar- 
agus, corn, carrots, or mustard greens; 
desserts—apple or peach or rhubarb— 
followed by poisonous peanuts and, of 
course, Nicotiana tabacum completes 
the misplaced emphasis. 

For the veterinarian the data on 
toxicity, symptoms, lesions, and poison- 
ous principles are complete. The botan- 
ical descriptions offered are woefully in- 
adequateeand in some cases inaccurate. 
The figures may help but the photo- 
eraphs often seem to be those “on 
hand.” 

For the botanist who has worked with 
a poison center this book is invaluable 
as a reference to those plants reputed to 
have a toxic principle. Here in compact 
form is the summation of a bibliography 
of 1800 titles arranged partly according 
to subject and partly in a systematic 
manner according to plant family, ge- 
nus, and species. Regrettably, the sys- 
tematic arrangement used is not widely 
accepted and most botanists must re- 
sort to the index to locate the family in 
question. Frequently, synonymy is of- 
fered when various references have used 
different but equivalent names. The 
bibliography of historical interest from 
Dioscorides to the present follows the 
first chapter which originally was pub- 
lished separately. The remaining chap- 
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ters have a combined bibliography 
which, on quick examination, ranges 
from 1887 to 1963, being both disconcert- 
ingly ancient and comfortingly up to 
date. 

Modern problems are handled 
acutely. On the subject of “tobacco of 
commerce” the author states: ‘‘Poison- 
ing in human beings and livestock is not 
infrequent from intentional or acciden- 
tal misuse of nicotine or products con- 
taining it. The alkaloid is readily ab- 
sorbed after either ingestion or inhala- 
tion or through scarified or intact skin 
and is rapidly fatal in small amounts. 
The discussion presented here, however, 
is confined to poisoning brought about 
by accidental ingestion of the plant.” 
To the hardy reader who believes the 
current advertising that Lobelia inflata 
or its derivatives may aid in breaking 
the tobacco habit the author offers 
these comforting suggestions: ‘“Over- 
dose of the plant or extracts of the 
leaves or fruits produce vomition, 
sweating, pain, paralysis, depressed 
temperature, rapid but feeble pulse, 
collapse, coma, and death in the human 
being.” 

The most potent quotation of the 
book, however, is lost on page 306. The 
author states “Some of the present con- 
fusion concerning the toxicity of species 
of Astragalus and Ozxytropis can be 
eliminated if published reports dealing 
with any aspect of their toxicity are ac- 
companied by reference to the botanist 
making the determination of the experi- 
mental or field material and the de- 
position of labeled representative speci- 
mens in an accessible herbarium.” Re- 
move the four words “of Astragalus and 
Oxytropis” and this sentence belongs in 
a box on the front cover.—fRichard A. 
Howard 


Physics of Thin Films, Advances in Re- 
search & Development, Vol. I, edited 
by G. Hass; 350 pages; $18; Academic 
Press, 1963. 


This book is the first: volume of a new 
series of the “Recent Advances” type. 
During the past ten years bound annual 
volumes of this kind have been taking 
over the function previously served by 


review journals. There is little doubt 
that such volumes of specialized reviews 
serve a useful purpose, even though they 
are primarily designed for scientific 
libraries and not for the individual 
scientist. 

What does Volume 1 contain? There 
is first a 67-page article on ultrahigh 
vacuum evaporators and residual gas 
analysis, Anyone not familiar with ul- 
trahigh vacuum equipment would 
hardly learn the necessary practical de- 
tails from this article, which seems to be 
addressed neither to the specialist nor 
to the beginner. For example, we are 
told that “liquid nitrogen cooled traps 
have been used for many years in 
vacuum systems. Their design is not 
critical due to the high heat of vapori- 
zation of relatively inexpensive liquid 
nitrogen.” The entire article is a col- 
lection of such bits and pieces of infor- 
mation and misinformation. It is neither 
a comprehensive review of recent work 
nor a critical introduction to the field. 

The next article is on the theory and 
calculations of optical thin films. Al- 
though much of this material replicates 
the standard textbook of Born and Wolf, 
many practical details on calculations 
are given, and this particular 50 pages is 
good value for anyone faced with the 
necessity of making such computations. 
A 60-page article on reflecting coatings 
for the vacuum ultraviolet is a good 
technical review of a specialized sub- 
ject, with reliable information con- 
veniently summarized. The structure of 
thin films is discussed in 40 odd pages, 
an elementary and sketchy treatment of 
the subject, which devotes much atten- 
tion to reproduction of commercial 
pictures of electron microscopes and 
textbook material. This article is worth- 
less to the specialist in thin films, since 
it does not provide a comprehensive sur- 
vey of the recent literature in depth. It 
may be a pleasant introduction to the 
subject for a student who knows nothing 
about it. A 40-page article on low tem- 
perature films is mainly devoted to a 
treatment of the theory of supercon- 
ductivity. The book concludes with a 
50-page article on magnetic films of 
nickel and iron, a good blend of scientific 
results and technical applications. 
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It may be noted that, of the six con- 
tributors to Volume 1, four come from 
IBM and two from the U.S. Army En- 
gineers, as does the editor. The series 
will serve the useful purpose which is 
intended only if the editor will take care 
to exclude the sketchy and qualitative 
type of article which does not provide a 
complete and critical review of the lit- 
erature. The reader turning to a review 
has a right te expect that it has been 
done carefully and completely and that 
he will not need to repeat the literature 
search which is reported by the re- 
viewer. In fairness to the libraries which 
must buy these volumes, they should 
not be padded out with repetition of 
textbook material, illustrations from 
commerical handouts, and the like. 
Definite improvements in this series are 
necessary before we can accord it a 
place in our library subscription list. The 
same publisher recently started a series, 
“Progress in Nucleic Acid Research,” 
which suffers from none of the defects 
noted in this review. Thus we are not 
setting up an impractical standard.— 
Walter J. Moore 


Divalent Carbon by Jack Hine; 206 
pages; $7; The Ronald Press Co., 1964. 


Proclamation of upheaval and chaos 
in science is the fashion and lament of 
the time. Jack Hine might have written 
“The Crisis in Carbene Chemistry” or 
“The New Carbene Chemistry.” Fortu- 
nately he did not. Instead he has ordered 
a burgeoning field, convincing his read- 
ers of the interest and significance of 
his subject without resorting to gambits 
of the scientific gamesman. Fifteen 
years after organic chemists were 
forced by Hine to recognize these 
strange beasts, ‘‘Divalent Carbon” 
stands as a milestone along a scientific 
superhighway. 

This book offers a lucid and concise 
survey of the modes of formation and 
reaction of carbenes. It may be recom- 
mended as an excellent introduction to 
a field whose synthetic and theoretical 
fertility has been as spectacular as it has 
been recent. 

A lesson in tight mechanistic reason- 
ing is provided by Hine’s discussion of 
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reaction pathways. It is fitting that the 
man who proved the existence of diva- 
lent carbon intermediates by reaction 
kinetic studies should point to the need 
for care and a healthy skepticism in 
sorting the proved from the possible. 
Since carbenes are exceedingly reactive 
and consequently short-lived, the tend- 
ency to base mechanistic arguments 
primarily on the nature of reaction prod- 
ucts can be understood—understood 
but not encouraged. That chemists’ 
hands are not tied by the brief lifetimes 
of methylenes is amply demonstrated 
by Hine’s exploration of the available 
mechanistic data. 

No review is complete without a 
minor quibble. It is now known that the 
removal of certain metal mirrors is not a 
characteristic reaction of methylene. 
More regrettable because of its utter 
plausibility is the statement that there 
is compelling evidence for the insertion 
of methylene into a carbon-hydrogen 
bond by hydrogen abstraction followed 
by radical combination. 

“Divalent Carbon” is an important 
book. For the casual reader seeking to 
acquaint himself with carbene chem- 
istry it is an introduction, while for the 
organic chemist it is an invitation and 
for the dedicated partisan a reminder 
that this is a time for extending our 
knowledge. Jack Hine clearly imdicates 
the guidelines and criteria for our prog- 
ress, There is no summary chapter, for 
the rapid proliferation of carbene chem- 
istry would have rendered it as quaint 
and premature as a tuxedo on a five- 
year old.—Peter Gaspar 


The Mathematical Works of J. H. C. 
Whitehead, edited by I. M. James; 
1594 pages in 4 volumes; $45 the set; 
The Macmillan Co., Pergamon, 1963. 


The research career, 1929-1960, of 
the late J. H. C. Whitehead, 1904-1960, 
coincided with a period of spectacular 
development of both geometric and 
algebraic topology. To that ever accel- 
erating development, he and his school 
made contributions of the first magni- 
tude. 

Volume 1 of this complete collection 
represents an early interest (1929-1937) 


in geometry, especially differential, and 
contains also some algebraic papers. 

The last three volumes, topological in 
nature, correspond to three phases of 
Whitehead’s research: (1) A geometric 
topological period, with emphasis on the 
classification problem for combina- 
torial manifolds, including the Poincaré 
conjecture. The latter, in dimension 3, 
surmises that the only simply connected 
compact 3-manifold is a topological 3- 
sphere. (2) An algebraic topological 
period, about 1947 to 1955, centering 
about homotopy theory and including 
some work on fiber spaces. (3) A final 
period, from 1957 until his untimely 
death, in which he returned to rel- 
atively geometric topology. He was 
stimulated to this return partly by the 
spectacular advances of some young 
topologists who found in Whitehead’s 
earlier work many concepts, techniques, 
and results tailored to their needs. It was 
only shortly after Whitehead’s death 
that a young mathematician, using an 
attack suggested by him, proved the 
Poincaré conjecture in higher dimen- 
sions. It remains unproved only for 
dimensions 3 and 4. 

Particularly noteworthy are White- 
head’s introduction and investigation 
of homotopy types, his treatment of 
homotopy theory in terms of CW-com- 
plexes, and his contributions to the 
study of fiber spaces. 

Besides being a creative mathema- 
tician, Whitehead was a leader of re- 
search, regarded with affectionate ad- 
miration by the younger men whom he 
directly influenced. His many joint 
papers testify to a close personal and 
professional relation with numerous 
colleagues. 

These collected works will facilitate 
the further extension of Whitehead’s 
mathematical influence and will be an 
invaluable source for students and re- 
search workers in topology.—Stewart S. 
Cairns 


Evolutionary Trends in Foraminifera, 
edited by G. H. R. Von KOENIGSWALD 
et al.; 355 pages; $16.50; American 
Elsevier Publishing Co., 1962. 


The appearance of this book—a col- 
lection of papers dedicated to I. M. van 
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der Vierk on the occasion of his 70th 
birthday-—is in the tradition of other 
scientific books issued by the Elsevier 
Publishing Co.: high quality of scholar- 
ship, high publishing standards (paper, 
print, and binding), and high price. 

The articles gathered here are in- 
tended primarily to present an over-all 
view of the current status of research in 
various groups of Foraminifera, not to 
present new and original material. In 
this the authors have succeeded very 
well. 

The collection includes fourteen ar- 
ticles of which six are in English, four 
in French, and four in German. The re- 
viewer found the most stimulating con- 
tributions to be those of MacGillavry 
(Phylomorphogenesis and evolutionary 
trends of Cretaceous orbitoidal Forami- 
nifera); Smout (The Genus Pseudomia 
and its phyletic relationships, with re- 
marks on Orbitolites and other complex 
Foraminifera) and Drooger, (Evolu- 
tionary trends of the Miogypsinidae). 

An unfortunate omission from this 
reviewer’s somewhat prejudiced point 
of view was an article on the taxonomy 
and phylogeny of the Tertiary plank- 
tonic Foraminifera; it would have been 
a fitting complement to the article by 
Prof. Cita~Sironi. 

It is interesting to note that several 
authors postulate a polyphyletic origin 
for the grdups with which they are con- 
cerned, whereas others are equally 
steadfast in support of monophyly. 
This variation in opinion stands in 
marked contrast to our Soviet colleagues, 
where monophyletic origin and develop- 
ment is a cardinal rule in the organic 
world.— W. A. Berggren 


Calculus & Its Applications by P. 
Marnarpi & H. BARKAN; 537 pages; 
$7.50; The Macmillan Co., Pergamon, 
1963. 


Depending on one’s point of view, he 
will probably either strongly like or 
strongly dislike this book. In essence it 
is an introduction to caleulus of out- 
standing clarity. but based on intuition 
rather than rigor. 

The authors’ approach is well illus- 
trated by their treatment of the limit 
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concept. They speculate on primitive 
man’s gradual recognition of various in- 
stantaneous speeds as characteristic of 
different animals and outline the con- 
tributions of early mathematicians be- 
fore presenting Cauchy’s limit defi- 
nition. Observing that the student may 
at first think this is “mathematical 
gibberish,” they carefully illustrate by 
geometrical analogy. Similarly in the 
rest of the book, important theorems 
are stated and vividly discussed to show 
their plausibility, but not proved unless 
the proof would aid intuitive under- 
standing. 

The usual introductory topics are 
covered, including differentiation, in- 
tegration, series, and analytic geometry. 
There are very brief treatments of dif- 
ferential equations, partial differentia- 
tion, and directional derivatives. Ample 
problems are provided, half with an- 
swers. Like the exposition, the problems 
have strong physical orientation. Offset 
reproduction of typed copy is used, but 
the equations are so well typed and the 
notation so simple that this is not a 
serious detraction. 

Students desiring an understanding of 
introductory calculus from the stand- 
point of physical applications will find 
the book excellent for self-study. Teach- 
ers sympathetic to this desire will find 
it refreshing.— Peter L. Balise 


Introduction to Vector & Tensor Analysis 
by R. C. WREDE; 418 pages; $9.75; 
Jobn Wiley & Sons, 1963. 


Although this text is somewhat simi- 
lar to several other recent ones, 1t de- 
serves notice both because of its dis- 
tinguishing features and because of the 
expanding interest in vector and tensor 
analysis in science and engineering. Car- 
tesian vector analysis is now commonly 
taught in elementary mechanics courses, 
despite somewhat justified objections 
that the manipulations may obscure the 
physical relations, And the more general 
concept of vectors as ordered n-tuples 
is increasingly taught in courses ranging 
from electric circuits to economics. 

In accord with modern treatments, 
the i, j, k notation is never used in this 
book, the superscript notation being ap- 


propriately introduced at the beginning, 
followed soon by the summation con- 
vention. Thus, as throughout the work, 
it is assumed that the reader has some 
maturity, perhaps that of a science 
junior or senior. As another example of 
the author’s viewpoint, divergence and 
curl are defined without fluid flow in- 
terpretations. However, physical prob- 
lems are quite frequently discussed. 

The general approach is a presenta~ 
tion of the algebraic characteristics of 
vectors and the relations between alge- 
braic and geometric expressions, em- 
phasizing transformation theory. This 
is naturally continued into differentia- 
tion and integration of vectors. The 
last quarter of the book is devoted to 
tensor analysis, but some tensor no- 
tation has been used previously. The 
student’s interest is enhanced by appli- 
cations such as an introduction to spe- 
cial relativity, historical notes, and air- 
brush illustrations. The index is ample. 

The book seems a good compromise 
between rigor devoid of physical illus- 
trations, and physical presentations 
lacking in mathematical rigor.—Peter 
L. Balise 


Introduction to Analog Computation by 
J. R. AS8LEY; 294 pages; $8.75; John 
Wiley & Sons, 1963. 


Usually the hardest part of learning 
analog computation is getting started. 
After becoming familiar with the basic 
techniques, one soon develops ability to 
devise rather complicated programs and 
to search the literature for appropriate 
circuits. A good introductory book like 
this makes it easy to get started if a com- 
puter is available. 

Appropriately, the presentation is 
based on interesting examples. The 
author keeps in mind the student’s 
position, using familiar problems and 
developing the material logically rather 
than trying to impress the reader with 
erudition. The computer techniques are 
sound and in accord with modern 
practice. In particular, time scaling is 
shown to require essentially just simple 
changes in time-dependent elements. 
Amplitude scaling is handled by writing, 
for example, © == (maz/Cmaz)Z, where 
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maz iS Maximum expected value of the 
variable, Cmaz 18 maximum computer 
voltage, and < is voltage representing 
x. This reviewer prefers almost the same 
method, but using “computer units” in- 
stead of volts. 

The book is only an introduction, 
without tabulated reference data. More 
advanced problems like partial dif- 
ferential equations are not mentioned. 
There is practically nothing on internal 
circuitry; even relay control circuits are 
only partly described. A digital com- 
puter example is given in the first chap- 
ter, but hybrid equipment is not dis- 
cussed. 

However, all the really necessary 
basic information is clearly explained, 
including nonlinear problems, simula- 
tion, and an appropriate selection of 
special circuits. The book is probably 
one of the two or three best introduc- 
tions to analog computation.—Peter L. 
Balise 


Administration of The Chemical Enter- 
prise, edited by CONRAD BERENSON; 
414 pages; $11.50; John Wiley & Sons, 
Interscience, 1963. 


“Administration of the Chemical 
Enterprise” is a collection of nine chap- 
ters on matters of concern to managers, 
investors, employees, and observers of 
the Chemical Process Industry. The 
editor, Dr. Berenson, contributed three 
chapters covering Marketing, Manage- 
ment, and Human Resources. Others 
discussed were Mergers, Advertising, 
Patents, Sources of Business Informa- 
tion, Accounting, and Financial Man- 
agement. Production and Research are 
not considered. 

The chapter, “The Role of Patents in 
Chemical Industry,” is the high point 
of this book, and one of the most lucid, 
concise explanations of U.S. Patents 
available. It is worth the price of the 
book even though it tells much more 
about the nature of patents than the 
role they play in the chemical industry. 
The chapter, ‘Marketing in the Chem- 
ical Industry,” reflects the editor’s field 
of expertness and states the broad con- 
cept of marketing embraced by the 
modern school, but fails to reflect au- 
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thentically the importance of human 
influences and a host of other factors 
critical to a successful marketing effort. 
Most lacking in the chapter, ““Manage- 
ment,” are the recognition of the im- 
portance of entrepreneurship and of ac- 
complishment of business objectives by 
working with people. The descriptions 
of the mundane aspects of business man- 
agement are general and would be a 
good basis for discussion. For preceptive 
authenticity, the chapter on “Human 
Resources” could have been written 
better by the head of an industrial re- 
lations department of a major chemical 
company. “Mergers and Agreements” 
is historical and general. While dealing 
well with the theoretical sterile advan- 
tages of these unions, it neglects the 
often major factors that bring about the 
marriage such as the desire for negoti- 
able stock, inheritance taxes, increased 
earnings per share, or the marriage being 
good financially for one or both of the 
partners. The chapters on ‘“Adver- 
tising” and “Sources of Business Infor- 
mation” are well done and useful intro- 
ductions. The two chapters on ‘‘Ac- 
counting’ and ‘Financial Manage- 
ment” should have been combined 
since much common material is pre- 
sented. Both chapters are elementary 
and useful to explain terms and func- 
tions, but much too brief to serve as 
more than a basis for discussion. 

The book is suitable as a text for a 
seminar course for college science and 
engineering students who plan to enter 
the chemical field. However, it does not 
present a study in depth of any of the 
facets of “Administration of the Chem- 
ical Enterprise.”-—Sherman K. Reed 


Complexing & Hydrothermal Ore Dep- 
osttion by H. C. Heueeson; 128 
pages; $8.50; Vol. XVII International 
Series of ‘Monographs on Earth Sci- 
ences; The Macmillan Co., Pergamon, 
1964. 


This compact and readable little book 
is a welcome and timely introduction to 
the involved subject of complex forma- 
tion in hydrothermal solutions. The 
author is the first to point out that this 
is not the final word on the subject but 


is more in the nature of a progress re- 
port. It is, however, a most comprehen- 
sive progress report, with forty-eight 
figures, six tables, and 206 bibliographic 
references with entries up to 1963. 

The first half of the book summarizes 
thermodynamic theory and data on the 
formation of complexes in general. Par- 
ticular attention is given to methods of 
approximation where primary data are 
unavailable. A working knowledge of 
elementary physical chemistry is neces- 
sary in order to follow the arguments. 
The standard entropy of association of 
a complex is shown to be the most im- 
portant single parameter for describing 
its stability and its extent of formation. 
Restriction to aqueous systems allows 
correlation of the stability of the com- 
plexes with the curves of constant en- 
tropy for water, permitting extrapola- 
tion of the calculated equilibria to more 
extreme temperatures and pressures. A 
modification of the Debye-Hiickel the- 
ory is proposed for the approximate 
calculation of activity coefficients of in- 
dividual ions in concentrated electro- 
lyte solutions, 

The theory is applied in detail to the 
solubility of galena in a “‘model ore solu- 
tion” consisting of the ionic species in 
equilibrium with galena in the system 
NaCl-HC!-H,0. The most important 
complexes contributing to the solubility 
of galena are PbCI*, PbCl,~~, HS, HCl, 
and NaCl. HS~ complexes become im- 
portant only at rather high pressures of 
HS. Solubilities of from 20 to 100 ppm 
PbS are achieved in concentrated NaCl 
solutions at 125°C., and a maximum 
calculated solubility of 650 ppm is re- 
ported at 200°C. in 3 M NaCl solutions. 

Chloride complexes are shown to be 
quantitatively adequate to transport 
ore metals and to be in good agreement 
with the compositions of geothermal 
waters and the contents of fluid inclu- 
sions. Hydrogen ion equilibrium with 
alteration zones suggests that reaction 
of the ore-forming fluid with the wall 
rocks may in many cases be adequate to 
account for the change in composition of 
the fluid which results in ore deposition. 
Changes in temperature and pressure, 
and contamination of the ore fluid with 
ground water are also shown to result in 
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precipitation of ore minerals carried by 
chloride complexes. 

Sufficient detail on the method of cal- 
culation is given to enable a well-pre- 
pared reader to perform similar calcu- 
lations on other systems of interest. This 
book is certain to provide the starting 
point fop many similar studies of geo- 
logic interest and should provide a spur 
to the collection of fundamental thermo- 
dynamic data on ionic equilibria. It is 
highly recomntended to all serious stu- 
dents of hydrothermal ore transport.— 
Hugh J. Greenwood 


Crystal Structures by Rarru W. G. 
Wycxorr; Second Edition, Volume 
1; 467 pages; $17.50; John Wiley & 
Sons, Interscience, 1963. 


This book offers many advantages 
over the loose leaf edition, and the pub- 
lisher’s claim that it is a “completely 
new volume” appears to be justified. 
Besides the obvious advantages of the 
book form, the usefulness of this edition 
as a reference file is also improved by the 
availability of the new name and for- 
mula indices as well as the presentation 
of illustrations and tables together with 
the corresponding text. 

The book offers 20-30 per cent more 
crystal-structure descriptions than the 
looseleaf edition contained, and is aug- 
mented by additional information and 
revisions on many other compounds. 
It is clearly a remarkable work of com- 
pilation and deserves the expression of 
our appreciation. 

Unfortunately, however, the type of 
information, the system of classifica- 
tion, and the style of illustrations were 
not revised to meet the changing needs 
of modern researchers. The data offered 
in the book are satisfactory to help the 
reader form a “first idea” on the struc- 
ture; however, most investigators will 
need information on the reliability of 
the structure, temperature factors, in- 
teratomic distances, and similar crys- 
tallographic features. Although this 
book offers an apparently complete bib- 
liography, the references are not iden- 
tified in the text and the reader will 
have to check a Jarge number of papers 
to find the source of the additional in- 
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formation. The illustrations are artistic 
and impressive, and illustrate the sim- 
ple crystal structures adequately. They 
fail, however, to demonstrate the es- 
sential features of the more complicated 
structures, partially because the spheres 
in the packing models hide most of the 
details, and partially because the illus- 
trations of the structures are frequently 
terminated at the limits of the unit 
cell. The adoption of other types of il- 
lustrations could have made unneces- 
sary the author’s statement on the in- 
adequacy of the graphical presentations 
of complicated structures (p. 320).— 
Tibor Zoltar 


Analysis & Computation of Electric & 
Magnetic Field Problems by K. J. 
Binns & P. J. LAWRENSON; 333 pages; 
$12.50; The Macmillan Co., Pergamon 
Press, 1963. 


This book is a compilation of analytic 
and numerical techniques for solving 
two dimensional problems in electro- 
and magnetostatics. The emphasis in 
the part on analytic solutions is 
strongly oriented toward direct solution 
of Laplace’s and Poisson’s equation and 
toward transformation methods of com- 
plex variables. In addition, a concluding 
section presents several numerical tech- 
niques particularly useful in this age of 
the digital computer. 

What was done was well done. The 
authors have covered the standard 
material adequately and clearly, and 
have supplemented it with a profusion of 
examples. Some little-known extensions 
are described, particularly in the realm 
of Schwarz-Christoffel transformations. 
These have been extended to be appli- 
cable to regions exterior to finite polyg- 
onal boundaries and to approximations 
for rounded corners and curvilinear 
boundaries. A numerical method is 
shown for complicated Schwarz-Chris- 
toffel problems, i.e., those involving 
many vertices, especially when the 
angles are not integral multiples of 
x/2. An appreciable effort is devoted to 
finite-difference formulation of prob- 
lems, and to solving these by relax- 
ation and iteration techniques. In ad- 
dition, a Monte Carlo solution is ade- 
quately covered. 


Nevertheless, this reviewer’s feelings 
about the book are mixed. It isn’t fish 
and it isn’t quite fowl, either. It is cer- 
tainly not a textbook—this is not the 
authors’ aim. As a reference book, it 
covers only a restricted area in the realm 
of electricity and magnetism, that of 
two-dimensional statics. With such a 
limitation on extent, one would expect 
exceedingly intensive coverage. Yet, 
such powerful tools as variational ap- 
proaches, Greens’ functions, and in- 
tegral transforms are completely ig- 
nored. Even multipole expansions are 
not mentioned. Granting that these are 
primarily three-dimensional methods, 
they are nevertheless applicable to two- 
dimensional problems and should at 
least be mentioned in a handbook of 
two-dimensional techniques. The best 
use of this book will probably be as a 
reference on the otherwise well-equipped 
bookshelf, and possibly as a supple- 
mentary text in a first graduate course. 
—A. J. Estin 


McGraw-Hill Yearbook of Science & 
Technology (1963 Review; 1964 Pre- 
view), D. I. EGGENBERGER Managing 
Editor; 438 pages; $22.50 or $13.50 
to subseribers to the Encyclopedia; 
McGraw-Hill Book Co., 1964. 


This 1964 Yearbook is the third an- 
nual supplement to the McGraw-Hill 
Encyclopedia of Science and Tech- 
nology. It contains the expected col- 
lection of brief articles describing im- 
portant technical work in 1963. In ad- 
dition, there are nine longer articles on 
such diverse topics as the biology of 
fertility, reform of high school science, 
years of the quiet sun, and the elec- 
tronic revolution. 

An encyclopedia is basically a collec- 
tion of facts, and this yearbook is no ex- 
ception. The reader may learn all sorts 
of things, of which the following repre- 
sent a tiny sampling. 

Spun protein fibers from soy beans 
are now textured into foods that look, 
taste, and eat like meat products, not as 
flavorful as their real counterparts, but 
good imitations. The Russians seem 
much more concerned with radiation 
hazards than are we, and this may be 
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the main reason for their lack of in- 
terest in landing a man on the moon. 
The average life span of cells in the 
taste buds of vertebrates is only 200 to 
300 hours. The weather satellite Tiros 
VI, launched September 18, 1962, photo- 
graphed tropical storms Claudia, Emma, 
Freda, Gilda, Daisy, Jean, Karen, and 
Lucy. 

One kilowatt-hour of electricity is now 
being generated from 0.85 pound of 
coal, on the average. Sexual behavior is 
primarily dependent upon activity of 
the central nervous system. A researcher 
has formulated a mathematical model 
based on this idea which yields predic- 
tions closely supported by experimental 
data. One somewhat novel sentence: 
‘The fewness of helicopters being used 
for transportation contributes signifi- 
cantly to their over-all speed.” 

In all seriousness, however, the Me- 
Graw-Hill Encyclopedia is too well 
known to need favorable comments for 
its coverage of technical matters. This 
volume carries on in providing timely 
supplementary material—W. J. Cun- 
ningham 


The Speech Chain: The Physics & Biology 
of Spoken Language by P. B. DENES 
& E. N. Pinson; 158 pages; $.75 each 
for 10 to 24 copies; Bell Telephone 
Laboratories (The Williams & Wil- 
kins, Co., Baltimore, Md., distrib- 
utor), 1963. 


Denes and Pinson have written an ex- 
cellent elementary textbook that stresses 
the interdisciplinary character of pres- 
ent-day speech science. It is aimed at 
advanced high school students, but it 
can perhaps be used more profitably on 
the college level. The authors’ intimate 
awareness of, and participation in, re- 
cent research is apparent even in the 
general thoughts offered in the intro- 
ductory chapter. 

The role of linguistics as the disci- 
pline that furnishes the theoretical 
framework for much phonetic research 
does not emerge clearly, but the authors 
do convey the notion that there are im- 
portant linguistic constraints on the 
perceptual processing of the speech 
signal. The sections on the anatomy and 
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physiology of speech and hearing are 
clear and straightforward, omitting 
nothing essential, but the speech “ma- 
jor” will have to do considerable sup- 
plementary reading to gain a knowledge 
of muscles and their functions. 

The authors lucidly present the basic 
principles of acoustics, with emphasis 
on those needed for the study of 
speech. No sophistication in mathemat- 
ics and physics is assumed on the part 
of the reader. The concept of resonance, 
crucial to an understanding of the 
transmission properties of the vocal 
tract, is briefly but clearly set forth. The 
latter part of the book is devoted to a 
survey of the acoustic characteristics of 
speech. The authors then go on to de- 
scribe how the experimental manipula- 
tion of both natural speech and syn- 
thetic speech is used in the psychoacous- 
tic testing of hypotheses on the acoustic 
cues to speech intelligibility. 

The slimness of the volume and the 
clarity of the style tend to mislead stu- 
dents into underestimating the con- 
tents. Yet, if, upon graduation, the 
average student of speech therapy or 
audiology were truly in control of the 
contents of this little book, he would 
have far stronger disciplinary under- 
pinnings to his professional training 
than he typically seems to have today. 
—Arthur S. Abramson 


The Language of Nature (An Essay in 
The Philosophy of Science) by Davin 
Hawkins; 372 pages; $7.50; W. H. 
Freeman & Co., 1964. 


As the reader may have guessed, the 
language mentioned in the title is 
mathematics. The first nine chapters, 
five sevenths of the book, give a rather 
extensive survey of the structure of 
principles and axioms in many if not 
most fields of mathematics and mathe- 
matical physics and discuss some of 
their epistemological significance. This 
ranges from number theory, set theory, 
and formal logic over some geometry, 
kinematics, dynamics, and more modern 
theoretical physics, to statistical prob- 
lems: probability theory, statistical 
thermodynamics, information theory, 
and the theory of induction. In all of 


these the reader will find an easy-to- 
read account touching some of the high 
points, eschewing formal apparatus, and 
emphasizing many aspects of concept- 
ual or philosophical significance. The 
breadth of coverage is remarkable if not 
unique for so small a book, and the 
amount and variety of stimulation to- 
ward thought and further knowledge 
which a student or spare-time student 
with some native interest in mathemat- 
ics can glean from this volume is extra- 
ordinarily large, such as can usually be 
had only from far heavier and more 
technical tomes. The author has an ex- 
cellent flair for simplifying the intri- 
cacies of mathematical reasoning. 

On the other hand, the author is 
heavily preoccupied with mathematical 
modes of thought. Nature seems to 
mean to him something already ab- 
stracted; the idea that the term can also 
refer to the interaction of humans with 
concrete reality never occurs. The last 
two sevenths of the book apply the same 
abstractionist approach rather less suc- 
cessfully to other realms of experience, 
as may be indicated by the headings of 
Chapters 10-13: Three Evolutionary 
Stages; The Theory of the Soul; Ethics; 
Economic Theory and Social Choice 
(all in 100 pages). 

The illustrations, by E. L. Gillespie, 
are sensitive and delightful; this, the 
glossy paper, and the substantial bind- 
ing seem designed to make this essay 
more an item for the library of a member 
of the propertied classes than for the 
student to whom the author appears to 
address himself—Walter M. Elsasser 


Thin-Layer Chromatography by K. Ran- 
DERATH, translated from the German 
by D. D. Lisman; 250 pages; $8; 
Academic Press, New York, 1963. 


In 1938, two Russians, Ismailov and 
Schraiber, described the use of thin 
layers of adsorbents spread on glass 
plates in separations analogous to ad- 
sorption chromatography on columns 
introduced by ‘Tswett in 1903. The 
method received scant attention until 
Stahl and others, primarily in Europe, 
developed it as a general method of 
analytical chromatography adapted to 
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the use of partition and ion-exchange 
media in addition to the original ad- 
sorption materials. In this book, Ran- 
derath presents a detailed discussion of 
the technique of thin layer chromatog- 
raphy, its advantages and disadvan- 
tages In comparison with other chroma- 
tographit processes, and the numerous 
applications of the method which have 
been developed. 

In the first pf two sections, after an 
introduction, the author discusses chro- 
matographic theory with most attention 
to adsorption processes; this is brief but 
well done. There follow detailed de- 
scriptions of techniques including prep- 
aration of layers, different procedures 
for developing chromatograms, evalua- 
tion of the chromatograms, thin layer 
electrophoresis, permanent recording of 
the chromatograms, and preparative 
thin layer chromatography. These con- 
siderations are complete and serve as an 
excellent introduction to the general 
method. 

The second section, devoted to special 
applications of thin layer chromatog- 
raphy, is divided into 15 parts based on 
rather broad chemical classes. As ex- 
amples, alkaloids, vitamins, steroids, 
antibiotics, amino acids, nucleic acids, 
carboxylic acids, and plasticizer esters 
are treated, among many others. Each 
part contains information on visual- 
izing the chromatograms, use of dif- 
ferent layer materials, and the Rf’s of 
selected substances in a variety of de- 
veloping solvents; reference to the orig- 
inal literature is extensive. This sec- 
tion contains a wealth of information on 
specific separations using thin layer 
chromatography and will be of value to 
anyone with separation problems. 

Overall, this book is an excellent in- 
troduction and complete practical guide 
to the art of thin layer chromatography 
as it is now practiced. The literature 
citations are in the German style where- 
as the Chemical Abstracts system would 
have been more appropriate in the trans- 
lation. The translator is also guilty of 
some contorted syntax and unidiomatic 
English. However, these criticisms are 
minor. The book is highly recom- 
mended.—David Strauss 
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Nuclear Chemisiry by N. R. JOHNSON, 
et al.; 202 pages; $8; John Wiley & 
Sons, Interscience, 1963. 


This is Volume II of the “Technique 
of Inorganic Chemistry” series. It is 
neither a textbook nor a laboratory 
manual, but is intended to be a survey 
of those experimental techniques which 
are useful in nuclear chemistry and 
tracer work. There are three types of 
scientists for whom such a book might 
be written: The graduate student start- 
ing to do research, the active researcher 
who has never done “radioactive” work 
but is willing to start now, and the 
working nuclear chemist. For the first 
two groups this volume will prove to be 
a valuable introduction and guide. The 
theoretical material which is relevant to 
an understanding of experimental tech- 
niques is presented clearly and con- 
cisely. The most important sections 
deal with separation techniques and 
with detection and measurement of nu- 
clear radiations, and these are especially 
recommended. In the latter section, par- 
ticular emphasis is given to scintillation 
counters and semiconductor detectors. 
The book is less useful for a worker in 
the field, especially one who needs in- 
formation about electronics, since the 
“black box” treatment is used to de- 
scribe electronic systems.—Sheldon 
Kaufman 


Vacuum Technology by A. GUTHRIE, 
532 pages; $12.50; John Wiley & Sons, 
1963. 


The stated purpose of this book is to 
present a set of working rules primarily 
for the technician who sets up, operates, 
and maintains vacuum systems. The 
author achieves this goal admirably and 
is the first to do so. The appeal of the 
book, however, will be to a wider audi- 
ence, for all who use vacuum systems 
should benefit from the vast amount of 
practical know-how presented. 

After a very cursory treatment of the 
properties of gas at low pressure, the 
components, materials, and processes of 
vacuum systems are covered in some 
detail. The emphasis is primarily on how 
to do it. Clear and concise line drawings 
of vacuum components illustrate their 
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operation. Many tables and graphs 
make design information readily ac- 
cessible. Lists of advantages and dis- 
advantages of various components and 
processes provide concise summaries. 
A large number of sometimes trivial 
numerical examples are given to illus- 
trate component and system operation. 

While the measurement of pumping 
speed is treated in some detail, the 
equally impoytant subject of gauge 
calibration is barely mentioned. Treat- 
ment of ultrahigh vacuum procedures 
is a bit shallow. 

In conclusion, this down-to-earth 
treatment of vacuum practices should 
find ready acceptance among those who 
use vacuum systems.—Richard W. Rob- 
erts 


Theory of Linear Physical Systems 
(Theory of Physical Systems from the 
Viewpoint of Classical Dynamics, in- 
cluding Fourier Methods) by EH. A. 
GUILLEMIN; 586 pages; $12.50; John 
Wiley & Sons, 1963. 


Considering the subject matter of 
this text, a more appropriate title for 
Professor Guillemin’s most recent book 
would be “Frequency Domain Tech- 
niques for Linear Networks.” In a recent 
book on linear physical system theory 
this reviewer expected to find material 
on state space techniques for lmear sys- 
tem analysis as well as frequency domain 
subjects. This book is essentially a dis- 
cussion of frequency domain theory with 
applications to linear networks. It is 
written in the style for which Professor 
Guillemin is well known from his earlier 
books on network theory. The emphasis 
on network topology and rather thor- 
ough treatment of Fourier Methods 
enhance the value of the text to the 
serious student. The discussion is very 
strongly oriented toward electrical net- 
work applications. 

There are eighteen chapters, some of 
which are entitled: Solution of Alge- 
braic Equations When Auxiliary Con- 
ditions Are Specified, Synthesis of Net- 
works from Given Parameter Matrices, 
Power and Energy Relations, Con- 
sideration of Linear Active and Non- 
bilateral Elements, Approximation and 
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Convergence Properties of the Fourier 
Series or Integral, Sampled and Band- 
limited Functions, and Hilbert Trans- 
forms. 

The book contains sufficient material 
for an advanced senior class or first year 
graduate class in electrical engineering. 
Because of the constant emphasis on 
networks, the book probably will be of 
most value to electrical engineering 
students and workers. It would make an 
excellent and thorough review for 
practicing engineers in circuit design 
and analysis if it could be studied dili- 
gently. Professor Guillemin writes books 
which cannot be read casually and his 
most recent work is no exception.— 
Stephen J. Kahne 


Physical Properties of Soils by R. E. 
Mrans & J. V. PARCHER; 464 pages; 
$11.25; Charles E. Merrill Books, 
Inc., 1963. 


This is an elementary text on the prop- 
erties of soils as they are of interest to 
the foundation and construction engi- 
neer. From an introductory discussion 
of the atomic structure, interatomic 
bonds, and the resulting crystal systems, 
the authors move quickly to the defi- 
nition and discussion of such soil engi- 
neering properties as grain size distri- 
bution, plasticity, structure, perme- 
ability, compressibility, and shear 
strength. 

These properties are defined clearly 
and are discussed at great length in a 
descriptive and qualitative fashion. 
This will be an advantage for all those 
who wish to get a quick introduction to 
the concepts used in soil engineering 
and a basic understanding of the im- 
portant phenomena that influence soil 
properties and soil behavior. A final 
chapter discusses laboratory procedures 
for determining each property. 

It is the stated conviction of the 
authors that the successful practice of 


-foundation engineering depends more on 


a firm understanding of these soil prop- 
erties—their determination, interpre- 
tation, and significance—than on tech- 
niques of engineering mechanics. Thus, 
the quantitative, analytical treatment 
offered is scant. A demonstration of how 
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the properties and concepts discussed 
are applied to actual problems of analy- 
sis and design is completely absent. This 
may be one of the weaknesses of the 
text. The authors rely heavily on notes 
taken from the lectures and teaching of 
Arthur Casagrande of Harvard during 
the academic year 1938-39. They un- 
ashamedly acknowledge this origin and 
state that properly such a book should 
have been written by Casagrande him- 
self. Consequently, a good part of the 
text is “classical” subject matter al- 
though most chapters have been brought 
in line with modern thinking. Some of 
the material is clearly dated, e.g., the 
consolidation testing frames; other re- 
cent developments, e.g., in soil sampling 
tools such as the Swedish Soil Sampler, 
have been ignored. 

Although the evaluation of the labo- 
ratory data is often discussed in great 
detail a proper assessment of experi- 
mental errors—systematic or inciden- 
tal—is lacking and this is a regrettable 
shortcoming. Reproducibility of data 
and the significance of errors should be 
treated thoroughly, if such emphasis is 
to be placed on the determination and 
interpretation of properties. For such a 
purpose it would have been necessary to 
show the use of data in the mathematical 
solution of analysis and design problems 
encountered in practice. This apparently 
was beyond the scope of the book. 

Uncertainties, data variations, and 
experimental errors are, however, im- 
portant facts of life for any engineer and 
especially for those in soil mechanics. A 
demonstration of how to assess the prop- 
erties measured could have made the 
text more valuable and instructive.— 
Werner E. Schmid 


Volatile Silicon Compounds by E. A. V. 
BKesworte; 179 pages; $7.50; The 
Macmillan Co., Pergamon, 1968. 
(Vol. IV of International Series of 
Monographs on Inorganic Chemis- 
try). 


This is an entertaining book. Odd and 
unexpected information pops out at the 
reader, along with an excellent and con- 
cise summary of the behavior of the 
volatile compounds of the Group IV 
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elements. There is a great deal about 
quadrupole coupling constants, force 
constants, paramagnetic terms, and ex- 
cited-state mixing. The book is mostly 
a discussion about why chemical bonds 
to silicon and its congeners are as long 
or as short as they are, and why a re- 
action follows Path A rather than Path 
B. 

This is an informal and chatty book. 
It is purposely full of personal opinions, 
such as: “Electronegativity is one of 
those irritating concepts like covalent 
character which sound as if they mean 
very much more than they do.” Later, 
regarding the behavior of substituted 
silanes toward standard reagents used 
to deduce the effect of substitution at 
silicon; ‘Unfortunately this is usually a 
pious hope rather than a profitable ex- 
ercise.”’ Some of the opinions are backed 
up by a unique and extremely helpful 
summary of descriptive chemistry, as in 
the excellent chapter on the silicon- 
hydrogen bond, which is replete with 
the latest measurements of coupling 
constants and chemical shifts (many of 
them heretofore unpublished). The 
author comes to the conclusion that 
‘There is no general correlation between 
chemical shift and vibration frequency 
for SiH bonds, although in certain series 
of compounds it may be possible to dis- 
cover empirical relationships between 
the two properties.” In other instances 
the firm opinions of the author are re- 
futed by his own facts. For example, in a 
discussion of the bond lengths in the 
methyl compounds of silicon, german- 
ium, and tin, the author states that 
“Although the precise values for the M-C 
bond lengths obtained from the mono- 
methyls do not agree very well with the 
sums of the appropriate covalent radii, 
the agreement is greatly improved by the 
Schomaker and Stevenson electronega- 
tivity correction.” Actually, the agree- 
ment is improved in one case (Si) and 
worsened in the other two (Ge and Sn), 
as shown in Table 4.1 As for the state- 
ment “Germanium (II) is rather ill- 
defined,” (p. 4) this will be news to the 
international suppliers of germanium 
who offer GeF,, GeC],, GeBr,, and Gel, 
as articles of commerce, and can furnish 
GeO 99.999 per cent pure. 


This will be a controversial book. The 
author chooses to ignore recent Russian 
books like Petrov, Mironov, Pono- 
marenko, and Chernyshev, and sticks to 
his own sources. Your reviewer made a 
long list of points on which he himself 
differs sharply with Ebsworth, and 
another list where he complains that 
Ebsworth simply slides over facts such 
as the reaction of organolithium com- 
pounds with GeH producing GeLi and 
RH whereas SiH produces SiR and LIH. 
Some readers will also find fault with 
the English: Liable is used for likely, uf 
instead of whether, and disproportiona- 
lion instead of condensation. The author 
also is given to anthropomorphic usage: 
“silicon prefers,” “iodosilane appears 
reluctant,” and so on. This is conversa- 
tional usage today, and it flows natu- 
rally into the book. At the same time, 
American editors and teachers decry 
this sort of thing. In the days of Pygma- 
lion the British were the guardians of 
the language; now there is a stronger 
rear-guard action being fought over 
here, with just as little success. 

This is a good book and an important 
one, so practically everyone in inorganic 
chemistry will want to own it. Each 
reader will find his own stimulation in 
it. Chemistry is so vast and diffuse 
these days that no one man can know 
all the facts about a field, much less 
comment on those facts. Yet Ebbsworth 
comes closer than anyone else to accom- 
plishing just that for the volatile com- 
pounds of silicon. The book is recom- 
mended.—Fugene G. Rochow 


The Precambrian, Vol. I of The Geologic 
Systems, edited by K. Ranxama; 279 
pages; $8.95; John Wiley & Sons, 
Interscience, 1964. 


The editor states that this is the first 
of a series of volumes on the Precam- 
brian which are to present comprehen- 
sive regional surveys that will empha- 
size the classification, subdivision, and 
correlation on the basis of exact ages, 
but that other geologic aspects neces- 
sary for achieving a well-balanced pic- 
ture of the Precambrian of a given 
country have not been forgotten. The 
volume contains an introduction by 
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Arthur Holmes that outlines the history 
and emphasizes the significance of the 
development of methods and use of 
“radiometric ages” in deciphering geo- 
logic history. The region covered by 
this volume is the Baltic or Fennoscan- 
dian shield and the respective authors 
are Arne Noe-Nygaard for Denmark, 
T. F. W. Barth and P. H. Reitan for 
Norway, Per Geijer for Sweden, and 
Pentti Eskola for Finland. All the 
authors are outstanding in their knowl- 
edge of their subject and it is fortunate 
that they have been willing to cooperate 
in this venture. 

A reading of this book shows how 
great has been the contribution of 
“radiometric ages” to our knowledge of 
geologic history but it also emphasizes 
how necessary is an understanding of 
the geology to the appropriate inter- 
pretation of the significance of the num- 
bers obtained as “radioactive ages.” 
Similarly, geothermometric data are but 
numbers whose significance must be 
evaluated in the light of geology. For 
example, the temperature (450°C.) 
given on pages 41-42 for anatectic 
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(differential melt) granite need not 
imply the temperature of the melt but 
could represent a subsolidus auto- 
metamorphic recrystallization. 

The usefulness of this book will be 
primarily as an authoritative reference 
work where an up-to-date summary and 
appropriate list of references may be had 
for the Precambrian geology of the 
region discussed. Indeed, it should be 
noted that it Js actually general geology 
that forms the greatest part of the vol- 
ume and that classification, subdivision, 
and correlation on the basis of “exact 
ages” is subordinate, as it needs must 
be in the present state of development 
of this field of research.—A. F. Budding- 
ton 


Life Stress & Mental Health by T. 8. 
LANGNER & S. T. MICHAEL; 517 pages; 
$9.75; The Macmillan Co. (The Free 
Press of Glencoe), 1963. 


This second volume from the Mid- 
town Manhattan Study traces relation- 
ships between childhood experiences and 
adult mental health in the lives of a 
random sample of 1660 midtown New 
Yorkers. 

The expected finding that mental ill- 
ness shuns the socially advantaged leads 
to a discussion of how the middle class 
and the poor chose different ways of 
handling stress, so that similar troubles 
produced unequal effects. Parents did 
seem to “teach” their children mental 
health; quarreling parents, especially, 
scarred the minds of their young. Broken 
homes, contrary to an old psychiatric 
belief, were not clearly related to the 
child’s developing poor mental health. 
Trouble appeared when children, for 
whatever reason, came to hold a nega- 
tive view of their parents. 

Fascinating details abound in a book 
jam-packed with data. The reader will 
find it heavy going unless he reads for 
continuity; the thread of the text is a 
hypothetico-deductive teasing out of 
meaningful interactions among some 
468 variables. Both lay and technical 
readers may wish the authors hadn’t 
seen fit to invent a statistic all their 
own—christened the “ridit’”’—that can 
be hard to interpret. How low are 
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these statistically “significant” corre- 
lations expressed in ridit form? 
Uneasiness about how much to trust 
self-reports about emotions and un- 
easiness about a mental health criterion 
no stronger than a rating are shared 
with the reader by the authors, but not 
allayed. Yet, the data having confirmed 
his expectation that both private and 
clinic patients are atypical of the popu- 
lation of the mentally ill, the reader may 
prefer understanding the causes of men- 
tal health in terms of this well-sampled 
data to thinking on the basis of none. 
Whether he feels we have gained enough 
understanding to predict mental health 
with confidence, or, beyond that, to 
control public mental hygiene, is a de- 
cision each reader is likely to reach for 
himself.—Charles C. McArthur 


Linear Programming & Extensions by 
G. B. Dantzia; 625 pages; $11.50; 
Princeton University Press, 1963. 


Linear programming is a discipline of 
mathematics which, ironically, has little 
to do with the programming of compu- 
ters. <A satisfactory description of it is 
presented on the fly leaf of the book under 
review, wherein it is said that “The 
basic theme is the solution of linear in- 
equalities—a modern constructive the- 
ory rooted in the classical approach to 
linear-equation systems and its re- 
lated matrix algebra.” 

In presenting the specifics of this 
field and its outgrowths, Dantzig has 
done a near-exhaustive job. From the 
historical chapter on Origins and In- 
fluences, to the ones on vector-matrix 
theory, on game theory, on convex pro- 
graming, and on integer programing (to 
mention just a few) the author has pre- 
sented the work in truly remarkable de- 
tail. Illustrative examples are many and 
varied, and the bibliography list is ex- 
tensive (although, sadly, containing no 
true entries past 1961). 

If faults were to be found in this book, 
there would be only two. The first is the 
author’s unerring devotion to thorough- 
ness in those aspects of the theory which 
he has presented. Often, where one 
numerical example might suffice, he 
presents two; where two explanations 


of the same concept might suffice, he 
presents three. The result is a book 
which is virtually self-contained, and 
one which is quite pleasing to the reader 
who knows little or nothing of the sub- 
ject. However, such a treatment leaves 
this reviewer with the impression of pro- 
ceeding through the topic with a learn- 
ing machine, rather than with a con- 
cisely written text or reference book. To 
the person who requires a book on the 
field for his day-to-day work, some of 
the smaller, less expansive ones pre- 
viously published might be more suit- 
able. 

The second fault in this otherwise 
fine book is the lack of a presentation on 
the electrical analog of linear program- 
ming. Outside of an abstract approach in 
terms of topological concepts, nothing 
is said of this interesting and important 
facet of the theory, which can lead to 
the solution of linear programming prob- 
lems by analog computers.—Walter J. 
Culver 


The Ecology of Waste Water Treatment 
by H. A. Hawks; 203 pages; $5; 
The Macmillan Co., Pergamon, 1968. 


Although the author calls his book an 
ecological study, it functions best as a 
physiological description of waste treat- 
ment processes. In this role it is a model 
of clear, direct, practical accounting of 
what goes on in trickling filter systems 
and activated sludge treatment under 
different loading and operating pro- 
grams. It is so good that it is useful to a 
plant operator. My recommendation 
would be that the first three chapters, 
which represent the sort of Zoo. 1 and 
Elementary Biology lectures that grad- 


uate sanitary engineers get in this, 


country, be eliminated. The remaining 
four chapters would make a small book 
for the operator’s coveralls pocket and 
for the consulting engineer’s briefcase. 
Professor Hawkes has neatly trimmed 
away the holy verbiage that clouds the 
technical literature of waste treatment 
and has arranged the salvage into under- 
standable good sense. It is unlikely that 
other-directed biologists will be en- 
thusiastic, but it will make delightful 
reading for men actively involved in 
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waste abatement operations. Although 
the author claims a special interest in 
the microbiology of trickling filter sys- 
tems, I regard his chapter on the design 
and operation of activated sludge sys- 
tems as the most understandable and 
useful synthesis in the current literature. 
There ate limits to what a biologist can 
say to a sanitary engineer or waste 
specialist, but Professor Hawkes has 
managed to get his ideas across by (1) 
getting experience with the processes, 
and (2) talking in terms of what he has 
learned from the engineers and oper- 
ators.—Charles E. Renn 


Organic Functional Group Analysis by 
F. E. Crircerieip; 187 pages; $6.50; 
The Macmillan Co., Pergamon, 1963. 


Written essentially as a laboratory 
manual for analytical chemists, this 
work is inherently drastically limited in 
scope. Consequently, it is not a book 
which any organic chemist will find a 
valuable addition to his library. It is to 
the author’s credit that he is not only 
aware of most of these limitations, but 
actually makes an effort to pomt them 
out. As the author notes, the methods 
outlined in this book will be found par- 
ticularly valuable for: ‘‘(1) the determi- 
nation of the purity of refined materials; 
(2) the determination of ppm concen- 
trations of organic compounds; (8) the 
analysis of research samples; (4) the 
calibration of instrumental methods; 
and (5) the rapid analysis of process 
samples.” This reviewer would question 
the third application in this list, except 
as it may be a special case of the first. 

The material presented consists of a 
limited number of “versatile and re- 
liable” methods of quantitatively ana- 
lyzing for a variety of simple organic 
functional groups. No effort is made to 
review either critically or comprehen- 
sively the literature on this topic; rather, 
the methods presented are limited to 
those which have been developed, mod- 
ified, or used routinely in the author’s 
laboratory. Although the limitations 
and scope of each method are dis- 
cussed in some detail, the reader is 
offered virtually no assistance in seek- 
ing out alternate methods. Given all of 
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these self-limitations, the author pre- 
sents his subject concisely and with 
clarity and precision. In short, this book 
can be recommended as a supplemental, 
but not definitive, procedural manual 
for any chemist who must routinely per- 
form one of the tasks outlined in the pre- 
ceding paragraph.—G. Dann Sargent 


Tables of Experimental Dipole Moments 
by A. L. McCLELLAN; 713 pages; 
$14; W. H. Freeman & Co., 1963. 


Since there have been no recent pub- 
lications which bring together all the re- 
ported experimental dipole moments, 
this compilation is a timely addition to 
the reference shelves. The arrangement 
and the description of the tables are ex- 
cellent and make the values readily 
available to even a casual user. The 
cross-indexing of authors and the cross- 
reference list of metal-organic com- 
pounds are quite helpful. 

The reader must obviously be cau- 
tious about accepting any one value in 
such a collection of non-evaluated data. 
Values for metal-organic compounds in 
particular must be considered as only 
indicative unless they have been well 
substantiated. The situation is some- 
what improved by a table of average 
dipole moments found for some common 
molecules and by a table comparing 
average values for a number of homol- 
ogous series, although an average does 
not necessarily give a good value. 

For fifty-two of the roughly 6000 com- 
pounds covered, “recommended val- 
ues” of the dipole moments are given, 
based on a recalculation of experimental 
data. Since the compounds were chosen 
for this reevaluation on the basis of 
having a large amount of consistent 
data from several authors, the resultant 
dipole moments would be expected to be 
quite reliable. However, carbon dioxide 
is given a recommended dipole moment 
of 0.18 debye, in spite of the fact that 
it is known to be non-polar. No explana- 
tion of this disparity is given. Since the 
other compounds thus treated are polar, 
similar experimental errors are neither 
so obvious nor so critical. 

These tables will save both the spe- 
cialist and the novice considerable time 


and effort in locating experimental 
dipole moment values and will provide 
some assistance in choosing the best 
value in a set.—Ralph D. Nelson, Jr. 


The Chemistry & Physics of Rubber-Inke 
Substances, edited by L. BATEMAN; 
784 pages; $25; John Wiley & Sons, 
1963. 


Twenty-eight past and present staff 
members of the Natural Rubber Pro- 
ducers’ Research Association have con- 
tributed to this book 19 reviews in 
selected areas of the chemistry and 
physics of rubber. The topics included 
and their extent of coverage are indi- 
cated by the following chapter titles, 
with pages per chapter given in paren- 
theses: Chemistry of Vulcanization 
(111); Oxidation of Olefins and Sulfides 
(65); Abrasion and Tire Wear (60); 
Stress-Relaxation Studies of Network 
Degradation (51); Strength of Rubbers 
(49); Graft Copolymers from Natural 
Rubber (36); Viscoelastic Behavior (36); 
Correlation of Vuleanizate Structure 
and Properties (81); Structure, Com- 
position and Biochemistry of Hevea 
Latex (80); Theory of Rubber-like 
Elasticity (80); Mastication and Me- 
chanochemical Reactions of Polymers 
(29); Radiation Chemistry (27); Effects 
of Fillers in Rubber (26); Ozone Attack 
on Rubbers (23); Colloidal Properties 
of Latex (21); Crystallization in Natural 
Rubber (21); Cis-Trans Isomerism in 
Natural Polyisoprenes (20); Theory of 
Rubber Solutions (18); Natural Rubber 
Hydrocarbon (15). 

This book should be the definitive 
work on the fundamental research as- 
pects of rubber for many years to come. 
The novice will find the book useful 
since the authors have emphasized the 
general principles and experimental re- 
sults in their areas by the abundant use 
of figures, tables, formulae and refer- 
ences. The longer chapters will be help- 
ful even to research experts in these 
fields. 

The book is not a completely general 
review in that the contributions of the 
staff of the N.R.P.R.A. have been em- 
phasized throughout. The almost com- 
plete concentration on natural rubber 


suggests that “The Chemistry and 
Physics of Natural Rubber” would have 
been a more fitting title —K. W. Scott 


Molten Salt Chemistry, edited by M. 
BLANDER; 755 pages; $25; John Wiley 
& Sons, Interscience, 1964. - 


This book gives an account of funda- 
mental principles and developments in 
molten salt chemistry, dargely due to 
the advances in this area in the last two 
decades. As the first monograph on this 
subject, this work will be of interest as 
an authoritative source to scientists in 
both academic and industrial research 
centers. Blander, as editor, has as- 
sembled a first-rate collection of contri- 
butions covering the various aspects of 
theoretical and physicochemical studies 
in molten salt chemistry. The authors 
contributing are: S. H. Bauer, M. 
Blander, M. A. Bredig, M. D. Danford, 
D. W. James, K. E. Johnson, A. Klemm, 
H. A. Laitinen, H. A. Levy, C. H. Liu, 
R. F. Porter, J. E. Ricci, G. P. Smith, 
and F. H. Stillinger. The strong repre- 
sentation from the Oak Ridge National 
Laboratory reflects directly the stimulus 
to this area of research through the U.S. 
Atomic Energy Commission. 

The subject is developed in ten chap- 
ters, each contribution being a critical 
review, with bibliography. The first, on 
the equilibrium theory of fused salts, 
gives an assessment of the approximate 
theories (significant structure, hole, and 
lattice theories) and develops current 
viewpoints from the ion pair correlation 
functions and statistical theory; the 
second chapter, on X-ray and neutron 
diffraction studies, critically examines 
this approach for fused salts and the re- 
sults in this area of structure studies. 
Molten salt solutions, starting with 
common-ion effects and continuing with 
systems of increasing complexity from 
the thermodynamic viewpoint are dis- 
cussed in the third chapter; corrections 
for non-random mixing and generalized 
quasi-lattice calculations are clearly 
discussed. The fourth chapter on phase 
diagrams develops the “comparative 
anatomy” of salt systems; useful classi- 
fications, ranging from simple eutectics 
to quinary and higher systems, and 
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liquid immiscibility are found here. Ex- 
cellent accounts of solutions of metals 
in fused salts, and the structural studies 
based on electronic absorption spectra 
and vibrational spectra follow in the 
next three chapters. Transport proper- 
ties of molten salts are considered in the 
eighth chapter, with emphasis on phe- 
nomenological relations as distinct from 
quantitative correlations by means of 
microscopic models. The compilations 
of viscosities, conductances, diffusion 
coefficients, and ionic mobilities were 
much needed and are found welcome. 
The structure and thermochemistry of 
metal halide vapors in relation to fused 
salt chemistry are developed in the 
ninth chapter, and electroanalytical 
chemistry, including reference electrodes 
and electrode kinetics, in the tenth 
chapter. 

The treatments are authoritative; 
attention is directed more to theoretical 
viewpoints and results, as distinct from 
experimental techniques or applications 
in technology. 

Among the few errors noted were the 
omission of the subscript 2 for HgCl, on 
p. 575 and the wrong subscript for TINO; 
on p. 577. A thorough subject index has 
not been completely realized and the 
reader will have to search vigorously on 
certain topics to gain the maximum from 
text. Two illustrative examples are: (1) 
the actual reference to an experimental 
determination of the dielectric constant 
for a fused salt is on p. 525, but is not 
indexed, and (2) the Zarzycki “micro- 
structure” model for halide melts, as- 
sessed in some detail on pp. 121-122, 
has not been included in the subject in- 
dex. 

This book is a “first” in the general 
area of fused salt chemistry; it is seen as 
an important reference source and an 
authoritative treatment. I recommend 
it to all scientists in industry and uni- 
versities who are active or interested in 
fused salt chemistry.—George J. Janz 


Geophysics, The Earth’s Environment, 
edited by C. Dewr, ef al; 624 
pages; $10.50 cloth; $8.50 paper; 
Gordon & Breach, 1963 (Lectures 
Delivered in French and English at 
University of Grenoble’s Theoretical 
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Physics Summer School, Les Houches; 
1962). 


This volume, like the others emanat- 
ing from Les Houches, is a very useful 
compendium for students of the physics 
of the upper atmosphere. The contrib- 
utors are drawn from among the most 
distinguished specialists in their re- 
spective fields. At their best, the lectures 
constitute authoritative and surprisingly 
comprehensive monographs. For ex- 
ample, Budden’s eighty pages on mag- 
neto-ionic theory is among the best 
treatments the reviewer has seen. The 
elementary aspects are reviewed con- 
cisely, and advanced topics such as the 
Impulse response of the ionosphere are 
treated in some detail. 

Nicolet’s lectures on the composition 
of the upper atmosphere constitute a 
rich storehouse of data on the photo- 
chemical processes there. It is regret- 
table that this contribution is alone in 
having no bibliographical references 
whatever, even though it must have 
been drawn from hundreds of sources. 

Denisse’s contribution on plasma 
physics is noteworthy for its proof that 
Landau damping does not exist. Cham- 
berlain gives an excellent review of 
Stormer theory and the theory of adia- 
batic invariants. Benoit shows that 
Denisse’s contentions on the existence 
of Landau damping can be tested by 
ionspheric scattering experiments. 
MacDonald’s lectures on atmospheric 
tides are worth reading, as are his lec- 
tures on the elementary theory of the 
ionosphere. Barbier reviews high-alti- 
tude luminescence authoritatively. Gal- 
let’s discussion of whistler dispersion 
nicely complements Budden’s article. 

Dungey’s article, entitled “The Struc- 
ture of the Exosphere, or Adventures in 
Velocity Space,” is unsystematic and 
plagued with a host of typographical 
errors—-the only ones found in the book. 
These deficiencies are remedied by a 
fascinating discussion of the topology of 
the magnetic field resulting when the 
terrestrial dipole is immersed in the mag- 
netized solar wind. 

Taken as a whole, the book is 4 rel- 
atively systematic and well-arranged 
compendium. The book making is un- 
exceptionable.—George B. Field 


Charles Darwin by Str GAVIN DE BEER, 
290 pages; $4.95; Doubleday & Co., 
Inc., 1964. 


There has been so much written about 
Darwin and Darwinism lately that I 
would have thought it quite impossible 
to find any pleasure or profit from a new 
book called Charles Darwin, even though 
it is written by de Beer who has had so 
many worthwhile things to say, from 
Hannibal’s route across the Alps to a 
classic discussion of embryology and 
evolution. But fortunately, my fears 
were totally without foundation for the 
book has an exceptionally large number 
of good qualities, put together in just 
the right combinations. 

It is a short book written with the ut- 
most simplicity. The parts about Dar- 
win as a person have the same direct 
tone as Darwin’s own short autobiog- 
raphy. Added to this frame there are 
the scientific contributions of Darwin 
in geology, in evolution, in the expres- 
sion of emotions of animals, in plant 
physiology, plant reproduction, and in 
soil transformation and enrichment. Not 
only are each of these critically ex- 
amined and explained in terms of 
knowledge, but, for each, the train of 
thought is followed from their first be- 
ginnings in Darwin’s notebooks. One can 
therefore see the man, the beginning and 
the progress of the ideas within him, and 
their significance to the advance of biol- 
ogy. The straightforward style and the 
compactness of the whole book provide 
a special kind of understatement that 
has an electric effect: the magnitude of 
Darwin’s scientific achievement not only 
in the field of evolution, but biology as 
a whole becomes staggering. One cannot 
finish reading this book without being 
fully infused with the idea of Darwin’s 
genius. 

Besides its general excellence the book 
does also have a novelty. By carefully 
consulting Darwin’s many notebooks 
and letters, new insights and new 
thoughts other than those from his pub- 
lished work emerge. Many of these are 
illuminating in his own development, 
but others are remarkably prophetic in 
terms of what we know today. For in- 
stance, we are all familiar with S. L. 
Miller’s recent experiments on the pro- 


duction of amino acids by the use of an 
electric are in the presence of methane, 
ammonia, and water vapor, all of which 
were postulated by H. C. Urey to be 
present on the surface of the earth at an 
early period of geological history. In 
1871 Darwin wrote ‘... But if (and 
oh! what a big if!) we could conceive in 
some warm little pond, with all sorts of 
ammonia and phosphoric salts, light, 
heat, electricity, etc., present, that a 
proteine compound was chemically 
formed ready to undergo still more com- 
plex changes...” 

As de Beer points out, Darwin antici- 
pated here by eighty years. There is, in 
fact, only one important place where 
Darwin failed and that is on the mecha- 
nism of heredity. He needed and 
understood the need for the answer much 
more than Mendel yet he did not find it 
himself, or even find Mendel’s pub- 
lished results. If he had had this key bit 
of information he undoubtedly would 
have been the father of the “new syn- 
thesis” as well; but perhaps it is good 
that there were some limits to his gen- 
ius, and that there are some things left 
for us to do.—J. T. Bonner. 


Von der Brutfirsorge heimischer Spinnen 
by J. Pörzscm; Die Neue Brehm- 
Bücherei, No. 324; 104 pages; 9.80 
DM; Wittenberg Lutherstadt: A. 
Ziemsen Verlag, 1963. 


Books on spiders are few and far be- 
tween. It is therefore a pleasure to re- 
port on a new one in the series of book- 
lets of Die Neue Brehm-Bitcherei. The 
little volume mainly deseribes the care 
of eggs and young of central European 
spiders, most of them representing 
genera found also in North America, It 
is a mine of information on development, 
eggs, eggsacs, and brood behavior. 

The booklet is illustrated by 78 ex- 
cellent black and white and ten colored 
photographs, many unique, showing 
various aspects of brood behavior. It is 
complete with references and index. One 
wonders why it was considered desirable 
to change the name of the common 
triangle spider, known for almost 100 
years as Hyptiotes, to Uptiotes.—Herbert 
W. Levi 
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California Institute of Technology or the Massachusetts Institute of Technology working 
toward the Doctor's degree, or on post-doctoral study. Fellows in good standing may apply 
for renewal of the Fellowship for a second year. 


ELIGIBILITY The general requirements for eligibility are that the candidate be a United 
States citizen who has completed one or more years of graduate study in mathematics, 
engineering or science before July, 1965. The Fellowships will also be open to persons 
who have already received a Doctor's degree and who wish to undertake an additional 
year of study. 


AWARDS The awards for each Fellowship granted will consist of three portions. The 
first will be a stipend disbursed through the Institute attended of not less than $2,000, 
with upward adjustment for candidates with family responsibilities. The second portion 
will be the salary paid to the Fellow for summer and part-time work at TRW Space 
Technology Laboratories. The salary will depend upon his age and experience and the 
amount of time worked, but will normally be approximately $2,000. The third portion 
will be a grant to the school to cover tuition and research expenses. 


APPLICATION PROCEDURE For a descriptive booklet and application forms, write to 
Administrator, Fellowship Program, TRW Space Technology Laboratories. Completed 
applications together with reference forms and a transcript of undergraduate and graduate 
courses and grades must be received not later than January 20, 1965, 


TRW space TECHNOLOGY LABORATORIES 


THOMPSON RAMO WOOLORIOGE INC. 


ONE SPACE PARK ° HE OO WN 0 oC SEACH., CALIFORNIA 


TaNnny 10A 


A. V 


wo) OF i DA N Ro B 


» G 
sE> 


DECEMBER, 1964 








CONTENTS YNNE 


Newsamt Views Re eS ee Se e a Swe we & BoA . 8360A 
ae ia for The Society of Sigma Xi Annual Convention, 360A 


Proceedings of the 16th Annual Convention of RESA, 
October 1964, 385A 


Hugh Skilling, An Operational View, 388A 
Miscellany and Letters to the Editors, 396A 


Books Received for Review, 402A ° 
C. G. Surrs, Man-Made* Diamonds—A Progress Report . . . . . 395 
KennetH E. F. Warr, Computers and the Evaluation of Resource 

Management Strategies . . 2... Soke & eee Se 
F. A. Ficken, Mathematics and the Layman .......... 419 
Lyte B. Borst, Liquid Helium . . . . pds i, Gecko «A 
D. E. BERLYNE, A Decade of Motivation Theory. . . . 2. . 2 2 2.) 48 
Ropert Bier, Huminoids On Other Planets? . . . 2... 2...) 482 
J. W. Linnert, Valency and the Chemical Bond. . . ...... . 459 
Ricuarp B. Eris, Dispersion Strengthening of Metals . . . . . . 476 
A. J. EARDLEY, Polar Rise and Equatorial Fall of Sea Level . . . . . 488 
Perspectives: HuGu TAYLOR, Academia and Industry—Their 

Mutual Influence. . . 2... .. sie ew R a & a moar . .498 
The Scientists’ Bookshelf ........2.2.2.2.2.2.2.2.2.. 416A 


Index for Volume 52, 1964 . ......... te eae « a WAA 


9e è ð asooo ð 6 





THIS IS THE TALLY TOTAL TAPE TEST! 


In this test we perforated 80 million 
characters. When the tape was read back 
ona Tally Mark 20 Verify/Duplicate Sys- 
tem we found only one error per million 
characters. All hole spacing was well 
within EIA standards. 


Come to think of it, this wasn’t a bad test 
of the Tally reader either. It not only 
reads back tape accurately at various 
speeds up to 120 characters per second, 
but blithely ignores the dirt, dust, grease 
and grime it frequently finds in the real 
world. 

One last thought: If you think the 420 is 
a paper tiger, you ought to see the P-150 
perforator. It devours paper tape at 150 





characters per second with even higher 
accuracy. And, by sensing the motion of 
the punch pins with built-in precious 
metal contacts, it detects its own errors! 


N For the full story on the most 


jw complete portfolio of perfor- 
‘= \ ated tape equipment, write for 
— 


your copy of our brand new 
catalog. Simply address Tally Corpora- 
tion, 1310 Mercer Street, Seattle, Wash- 
ington 98109. In the U. K. and Europe, ad- 
dress Harvey Ulijohn, Tally Europe Ltd., 
No. 1 Sherman Road, Bromley, Kent. 
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You won’t find a darkroom. You won’t need it either. 


The Polaroid MP-3 camera 
measures only 5712” x 61”. Yet 
it can knock off any job you hand 
it without a darkroom. Just sec- 
onds after you snap the shutter 
you have your finished picture. 

In 10 seconds you get prints 
of big objects, macrophotos of 
small ones, photomicrographs, 
copies of X-rays, gross specimen 
photos, slides of line work, cor- 
rectly sized screened prints, cop- 
ies of any artwork, photos of 
anything. 

In 20 seconds you get shots 


with fully developed positives 
and negatives. 

In 60 seconds you get full- 
color prints. 

In2 minutes you get transparen- 
cies of continuous-tone material. 

The MP-3 is that versatile. 
Here’s what makes it that way. 

First of all, there are the Pola- 
roid Land films. There’s one for 
every purpose from transparency 
to infrared. The MP-3 will use 
14 different types in all. You can 
also use conventional films in a 
variety of formats when you 


have time to kill. 

Secondly, there’s the adapta- 
bility of the MP-3. There are five 
interchangeable lens and shutter 
combinations. And there are 
three interchangeable backs for 
Polaroid Land films, plus an as- 
sortment of conventional backs 
for conventional films. 

If you think you have a studio 
photographic job that the MP-3 
can’t handle, we'd love to discuss 
it with you. Write Sales Depart- 
ment, Polaroid Corporation,Cam- 
bridge, Massachusetts 02139. 


Polaroid MP-3 Industrial View Camera 
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You can have proof of AO’s superior 








performance in seconds 


With the new AO Microstar and adapter 
equipped with the Polaroid Pack Film 
Camera Back, you simply focus through the 
binocular and snap the shutter. This is a 
direct-viewing, parfocal system... requires 
no ground glass or telescope. One minute 
later you have a 314" x 414” Polaroid color 
print that will verify, beyond doubt, the 
amazingly superior visual image you saw 


through the microscope. (Black-and-whi 
prints are ready in only 10 seconds. ) 
Specimen detail is in crisp, sharp foc 
from corner to corner. There’s no drop-c 
or fuzziness around the edges. Compare tl 
picture with the best photomicrograp| 
you've ever taken. Here is on-the-spot pro 
of the superiority of AO’s infinity-correct« 


optical system. 
‘*Polaroid’’® by Polaroid Corporati 


AMERICAN OPTICAL COMPANY 
INSTRUMENT DIVISION èe BUFFALO, N. Y. 14215 
IN CANADA write — P.O. Box 130, Postal Station R, Toronto 17, Ontario 
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C. G. Surrs, Man-Made* Diamonds—A Progress Report 395 


Through the courtesy of the officers of American Philosophical Society of Philadelphia, 
we are permitted to reprint the lecture of the Vice-President and Director of Research, 
General Electric Company, Schenectady, N.Y., given at the April 1964 meeting of 
the Society and printed in the Proceedings in October 1964. Dr. Suits, recently a mem- 
ber of the Executive Committee of the Society of the Sigma Xi and a William Procter Prize- 
man of RESA, here outlines the scientific development which made practical the pro- 
duction of industrial diamonds and also the parallel researches on boron-nitrogen solid 
compounds. 


*Trademark of General Electric Co. 


Kenneru E. F. Warr, Computers and the Evaluation of Resource Manage- 
ment Strategies 408 


The author obtained his undergraduate and graduate training, respectively, from the 
University of Toronto in biology, and from the University of Chicago in ,oology. He 
has spent the last decade in basic research on resource management in fisheries and 
forestry for Canadian governmental and provincial agencies. Currently he is Associate 
Professor of Zoology in the University of California at Davis. His essay indicates the 
values of computer simulation in the very complex problems that prevail in all areas of 
resource management. He makes a plea for the specialized training of personnel for such 
objectives. 


F. A. Ficken, Mathematics and the Layman 419 


A Professor of Mathematics and Chairman of the Department of Mathematics at the 
University Heights Campus of New York University since 1959, was a graduate of 
Oberlin in 1931, a Rhodes Scholar at Oxford, 1934, and a Ph.D. of Princeton in 1938. 
His teaching experiences include an instructorship at Cornell, 1938-1942, and a pro- 
fessorship in the University of Tennessee, 1942-1959. He is serving a term of office as 
Editor of American Mathematical Monthly, 1962-1966. In the summers of 1962 and 
1963 he was respectively Visiting Professor at the University of Washington and the 
University of California at Berkeley. He was a member of the Operations Evaluation 
Group of the U.S. Navy, 1944-1945, and a consultant of Union Carbide Nuclear Co., 
Oak Ridge, since 1946. 





AMERICAN SCIENTIST is published quarterly Second-class mail privileges authorized at Easton, 
(March, June, September, December) by the Pa. Additional entry at the New Haven, Conn. 
Society of the Sigma Xi at the Mack Printing Co., post office, December 9, 1943. This publication 
20th and Northampton Sts., Easton, Pa. ©1964 is authorized to be mailed at the special rates of 
by the Society of the Sigma Xi. postage prescribed by Section 132.122. 
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Lye B. Borst, Liquid Helium 431 


The unique properties of liquid helium are here set forth by a Sigma Xi-RESA National 
Lecturer. A physicist with a doctorate from Chicago in 1941, he has specialized in 
nuclear physics working in Chicago on the uranium chain reaction, and supervising 
reactor research at Oak Ridge, 1943-1946. An original member of the Brookhaven 
National Laboratories Staff he was concerned with reactor design. He returned to 
teaching in 1951, successively at the University of Utah, New York University, and 
most recently at the State University of New York at Buffalo, N.Y. His recent re- 
searches on liquid helium stem from neutron studies of molecular crystals at liquid 
helium temperatures. He has demonstrated the existence of ortho and para forms of 
water, acetylene and methane, paralleling the earlier ortho and parahydrogen. Address: 
Department of Physics, State University of New York at Buffalo. 


D. E. BERLYNE, A Decade of Motivation Theory 447 


A graduate of Cambridge University, with a Ph.D. degree from Yale University, with 
teaching experience in St. Andrews, Aberdeen, Brooklyn College, the University of 
California at Berkeley, and at Boston College, since 1962 Professor of Psychology at the 
University of Toronto, Professor Berlyne engages in research work in experimental psy- 
chology, particularly in the field of behavior theory. His special emphasis is on motiva- 
tional problems and intellectual processes. The author of Conflict, Arousal, and Curiosity 
(1960), he has completed the manuscript of a second book entitled Structure and Direc- 
tion in Thinking. The article here published deals with ten years of symposia on Motiva- 
tion Theory known as the Nebraska Symposium. Address: Department of Psychology, 
University of Toronto, Toronto, Ontario, Canada. 


Rosert Bieri, Huminoids On Other Plants? 452 


An Assistant Professor in Antioch College, where he graduated in 1949, received his 
Ph.D. degree in 1958 in Oceanography in the Graduate School at La Jolla. His research 
interests have been on marine zooplankton and, more recently, in forest ecology. The 
thesis of the present article is that given carbon dioxide and water the evolution of 
huminoids on other planets would be similar to that which has occurred on earth. 
Address: Department of Biology, Antioch College, Yellow Springs, Ohio. 


J. W. Linnett, Valency and the Chemical Bond 459 


A Fellow of the Royal Society of London, who has just completed a leave of absence from 
Queen’s College, Oxford at the University of California, Berkeley, here discusses the 
chemist’s view on valency and the chemical bond. He presents a revised version of the 
famous octet and shared-pair electron theory of G. N. Lewis of fifty years ago. He 
indicates how the spins of the electrons suggest two quartets instead of octets and how 
the new views illuminate the concept of resonance structures first developed by Linus 
Pauling. Experience with freshman chemistry students on the Berkeley Campus 
suggests that the ideas evolved are welcomed by students and they lead also to quantita- 
tive formulations of molecular structures. His new book “The Electronic Structure of 
Molecules,” an import by Wiley, N.Y., from Methuen, London, gives a wider examina- 
tion of other molecules and of excited electronic states. Address: Queen’s College, 
Oxford, England. 


Ricuarp B. Erlis, Dispersion Strengthening of Metals 476 


The Head of the Inorganic Materials Section at Southern Research Institute, Birming- 
ham, Alabama, Dr. Ellis received his Ph.D. degree in analytical and physical chemistry 
at Vanderbilt University in 1940, where, as an undergraduate he had been elected to the 
Phi Beta Kappa Society. He has held research positions with Seagram’s and with 
Corning Glass Works and was formerly a professor at the Universities of Florida and 
Miami. His research interests include molten salts, liquid metals, boron chemistry, 
ceramic fibers, and atomic fuel reactor systems, especially in the area of surface phe- 
nomena and solid-solid interfaces. 
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SOMEBODY ELSE BUILT THE 


But TRW Space Technology Laboratories built all the rest. No 
other manufacturer has designed and built so many kinds of 
space vehicles for so many different space missions. 

Today we are busy on many space projects that mean new op- 
portunities for engineers and scientists. We are prime contractor 
for NASA’s Orbiting Geophysical Observatory and Pioneer pro- 
grams, and for the Air Force-ARPA nuclear detection satellites. 
We are developing the variable-thrust descent engines for Apollo 
and Surveyor lunar landings. And TRW Space Technology Lab- 
oratories continues Systems Management for the Air Force’s 
Titan and Minuteman programs. These and other space and mis- 
sile activities create opportunities in: Theoretical Physics, Sys- 
tems Engineering, Radar Systems, Experimental Physics, Applied 
Mathematics, Space Communications, Space Physics, Antennas 
and Microwaves, Inertial Guidance, Analog Computers, Solid 





VOSTOK 


State Physics, Computer Design, Telecommunications, Digital 
Computers, Guidance and Navigation, Electromechanical De- 
vices, Engineering Mechanics, Applied Aerodynamics and Pro- 
pulsion Systems. 

For information about TRW opportunities at Cape Kennedy or 
in Southern Calif., including our new Capistrano Test Site, write 
TRW Professional Placement, One Space Park, Department R-12, 
Redondo Beach, Calif. TRW is an equal opportunity employer. 


Spacecraft above: Pioneer I, lunar probe, launched Oct. 1958; 
Explorer VI, scientific satellite, launched Aug. 1959; Pioneer V, 
interplanetary probe, launched March 1960; TRS, tetrahedral re- 
search satellite, launched 1962; NDS, nuclear detection satellite, 
launched 1963; Vostok I, manned Russian spacecraft, laanched 
April 1961. 


TR W SPACE TECHNOLOGY LABORATORIES 


ese THOMPSON RAMO WOOLDRIDGE INC. 
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A. J. EARDLEY, Polar Rise and Equatorial Fall of Sea Level 488 


With the permission of the Editor of the Journal of Geological Education, we reproduce 
the Presidential Address to the National Association of Geology Teachers, published in 
Volume 12 of the Journal for March 1964. President Eardley graduated A.B. from 
the University of Utah in 1927 and earned his Ph.D. degree in Princeton. After nineteen 
years at the University of Michigan, he became Head of the Department of Geology at 
the University of Utah in 1949. Since 1954, he has been Dean of its College of Mines and 
Mineral Industries. A Sigma Xi National Lecturer in 1957, he is, at present, President 
of the American Geological Institute. His principal research interests are concerned 
with structure and evolution of North America and he is the author of several books. 
Address: College of Mines and Mineral Industries, University of Utah, Salt Lake City. 


Huen TAYLOR: Perspectives—Academia and Industry—Their Mutual 
Influence 498 


For the William Procter Prize Address to RESA for 1964, the Editor-in-Chief of AMER- 
ICAN SCIENTIST reviews, in this Perspectives article, the academic and industrial origins 
of several sciences, the tools and techniques of modern research as contrasted with those 
available forty years ago, and scans the future. 


Hueu H. SKILLING, An Operational View 388A 


A professor of Electrical Engineering in Stanford University, interested in training young 
students who plan to teach science and engineering, is the author ofs ix books and nu- 
merous technical and research papers. One of his books, “Exploring Electricity,” tells of 
the development of electrical science. Chairman of his department for over twenty 
years his principal research interests are in the domain of high voltage electricity and 
network theory. In this article he discusses our concepts of models visual, mathematical 
and conceptual. 
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IN LOW COST COMPACT POWER SUPPLIES 


KEPCO I0-TURN CONTROL 


MAKES THE DIFFERENCE! 


el a : Da 
STANDARD | E& : 


Pe aes 
Pad 
$ 


` 
S. 


-% 
w.. 


a —— ee ee oe oe = 
- ~ 
- ~ 


>an a 
-—— --- 


REGULATED 


—— A ; ) = > aa - 


AT NO 
EXTRA COST! 





TRANSISTORIZED CIRCUIT HYBRID CIRCUIT 


FOR HIGH RESOLUTION AND STABILITY 


0.05% REGULATION and STABILITY 


ABC DESIGN GROUP FEATURES: 
ALL-TRANSISTOR MODELS 


= Resolution: 0.05% of max. output = Short circuit protection = 
= Stability: 0.05% (8 hours) High voltage hybrids RANGE. 
= Kepco Bridge Regulatort Metered and unmetered models vous — 


ABC 2—1M 


fel 
Ww 
= Full range regulation m Half rack size 
= Voltage or current programmable ™ Rack mounting accessories 
= 50 microsecond recovery time = Rear panel apron connections 
tet 
Lat 
co) 
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= Low ripple Convection cooled (no blowers) 

= Remotely programmable Operable from 50-440 cycle lines 

= Remote error sensing Isolated cabinet (500/1000V) 

= Series or parallel operation Wide range voltage and current 

= No voltage overshoot (from 2V/1A to 2500V/2ma) | ABC 200M__| 0-200 |0—0.1 | 199.00 | 

= Adjustable current limiting m Experience proved | ABC 425M __| 0—425 | 0-0.05 | 199.00 | 
0—1000 | 0—0.02 | 274.00 | 

tApplicable Patent Nos. furnished on request 74. 


| 0—1500 | 0-0.005 | 274.00 | 
| ABC 2500M__|_0—2500 | 0—0.002 | 334.00 _ 


See our (Aaa hes 
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For complete specifications on more than 250 standard- 
model power supplies, send for NEW CATALOG B-648, 











NEWS AND VIEWS 


By the Board of Editors and the Membership of the 
Sigma Xi-RESA Societies 


ANNUAL CONVENTION OF THE 
SOCIETY OF THE SIGMA XI 


In accordanee with Article III, Sec- 
tion 1 of the Constitution notice is 
hereby given that the 65th Annual 
Convention of The Society of the Sigma 
Xi will be held on December 29, 1964, 
at 9:00 A.M. in association with the 
AAAS meetings at the Queen Eliza- 
beth Hotel, Montreal, Canada. 

Article III, Section 2(a) of the Con- 
stitution provides: Each Sigma Xi 
chapter is entitled to be represented at 
the Convention by not more than three 
delegates. Appointment of each chap- 
ter delegate shall be certified by the 
president or secretary of the chapter 
represented. Delegates representing a 
chapter shall be chosen from its chap- 
ter members, except that a chapter 
unable to appoint any or all of its 
chapter members may appoint from its 
affiliate members or from chapter 
members of other chapters. Each 
chapter represented at the Convention 
shall be entitled to one vote on all 
issues before the Convention. 

Article III, Section 2(b) of the 
Constitution provides: Each Sigma Xi 
club is entitled to be represented at the 
Convention by not more than three 
delegates. Appointments of each club 
delegate shall be certified by the presi- 
dent or secretary of the club repre- 
sented. Delegates representing a club 
shall be chosen from its members 
except that a club unable to appoint 
any or all of its delegates from its 
members may appoint as delegate any 
active member of the Society. Each 
club represented at the Convention 
shall be entitled to one vote on issues 
directly affecting the clubs. All club 
delegates shall have the privilege of the 
floor to discuss any subject before the 
Convention. 

It is expected that the chapters and 
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clubs will make every effort to be 
represented at the Convention. The 
names of the delegates should be sent 
to the office of Sigma Xi at once or not 
later than December 21, 1964. 

For further information regarding 
procedure for the Convention, please 
see Section 3.131 of the Manual of 
Procedure. 


Convention Program 


December 29, 1964 
65th Annual Convention 
Queen Elizabeth Hotel—Bersimis Room 


8:00— 9:004a.m. —Registration 
9:00— Noon — First Session 
Noon-—1:30 p.m. —Luncheon* 


1:30— 3:30 p.m. —Second Session 


* Luncheon tickets will be available 
in the Queen Elizabeth Hotel, Bersimis 
Room, from 8:00 a.m. until 9:00 A.M. 
on December 29 and delegates for whom 
reservations have been made may pay 
fee and pick up tickets at that time. 
Total capacity is limited and therefore 
it is advisable to secure a reservation. 


Joint Sigma Xi-Phi Beta Kappa Address 
Queen Elizabeth Hotel 
Grand Ballroom 8:30 P.M. 
Speaker: Dr. René Dubos 
Address: “Humanistic Biology” 


AGENDA 
65th ANNUAL CONVENTION 


December 29, 1964 


Queen Elizabeth Hotel, Montreal, 
Canada 


1. Appointment by the President of 
three members to serve as a Com- 
mittee on Credentials 

2. Report of the Committee on Cre- 
dentials 


5 Billion Programmable 


Frequencies 
from the 
NEW hp 
Frequency 
Synthesizer 


Discrete signals, dc to 50 mc 


Frequency increments from 0.01 cps to 10 mc 


Remote programming — 1 msec switching speed 


High stability and spectral purity — spurious signals 90 db down 


The new hp 5100A/5110A Frequency Synthe- 
sizer offers pushbutton convenience for fast, 
accurate selection of frequencies from 0.01 cps 
to 50 mc in steps as fine as 0.01 cps. Remote 
programming of frequencies may be accom- 
plished in less than 1 millisecond. The system 
consists of the 5100A Frequency Synthesizer 
and the 5110A Synthesizer Driver. All output 
frequencies are derived from a single 1 mc 
quartz crystal oscillator which has a long-term 
stability of +3 parts in 10° per day—or from 
your own frequency standard. Spurious signals, 
including power line components, are at least 
90 db down. Check the specifications, then call 
your nearest Hewlett-Packard field engineer for 
further information. Or write Hewlett-Packard 
Company, Palo Alto, California 94304, Tel. 
(415) 326-7000; Europe: 54 Route des Acacias, 
Geneva; Canada: 8270 Mayrand St., Montreal. 


Output frequency: 


Digital frequency 
selection: 


Spurious signals and 
harmonic distortion: 


Signal-to-phase-noise 
ratio: 

Frequency stability 
and accuracy: 
Output voltage: 


Output impedance: 
Search oscillator: 


External standard 
input: 


Price: 


HEWLETT 
PACKARD 





SPECIFICATIONS 


0.01 cps to 50 mc 


From 0.01 cps per step to 10 mc per step; selection is by front 
panel pushbutton or by remote contact closure 


Alt non-harmonically related signals including power line com- 
ponents are more than 90 db below the selected frequency; 
harmonics are more than 30 db below the fundamental 


More than 60 db down in a 3 kc band centered on 
the signal 


With internal standard, less than +3 parts in 10° per day; 
with external standard, same as external standard 


l vrms +1 db from 100 kc to 50 mc; 1 v rms +2 db 
from 50 cps to 100 kc, into 50-ohm resistive load 


4db 


50 ohms nominal 


Allows continuously variable frequency selection with an incre 
mental range of 0.1 cps up to 1 mc, depending on the digit 
position being searched; dial accuracy is +3% of full scale; lin 
earity with external voltage control is within 2 5% (~1 to —11 v) 
lor 5 mc, 0.2 v rms minimum, 5 v maximum across 500 ohms; 
purity of output signal will be determined partially by purity of 
external standard 

5100A/5110A, $15,250 


Data subject to change without notice. Prices f. 0. D. fa 


An extra measure of quality 
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3. Approval of Proceedings of the 64th 
Annual Convention 


. Report of the President 
. Report of the Executive Secretary 
. Report of the Treasurer 


. Report and Recommendations from 
the, Executive Committee: 


A. National Assessments and Fees 
for 1965 
B. Petitions for Chapter Status 
from :* 
. Arizona State University 
. Colorado School of Mines 
. Hamilton College 
. Northeastern University 
. South Dakota School of 
Mines 
6. Wake Forest College 
C. Proposed Revision of the Con- 
stitution and Bylaws based on 
recommendation of the Com- 
mittee on Long-Range Planning 
8. Report and Recommendations from 
the Committee on Criteria for, and 
Election to, Membership in the 
Society 
A. Proposed Revision of the Con- 
n stitution and Bylaws 
9. Report of Editor-in-Chief of AMERI- 
CAN SCIENTIST 
10. Report of Editor of SCIENCE IN 
PROGRESS 
11. Reports of other Committees: 
A. Membership-at-Large 
B. National Lectureships 
C. Grants-in-Aid of Research 
12. Report of Nominating Committee 
and Election of Officers 
13. General Business 
14. Adjournment 
Suggested candidates for the officers 
may be sent to any member of the 
Nominating Committee: 
Dr. Alexander Hollaender, Oak Ridge 
National Laboratory 
Dr. H. Richard Crane, University of 
Michigan 
Dr. Herbert E. Longenecker, Tulane 
University 
Dr. George H. Boyd, University of 
Georgia 
Dr. Gerald J. Lieberman, Stanford 
University, Chairman. 
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REVISIONS TO THE CONSTITUTION 
BYLAWS 


The 65th Annual Convention of The 
Society of the Sigma Xi will be asked to 
consider a number of revisions to the 
Constitution and Bylaws. In general, 
these revisions reflect four proposed 
actions: 

1. To improve procedures for election 
to membership with more clearly 
defined distinctions between as- 
sociate and full membership as 
recommended by the Committee 
on Criteria for, and Election to, 
Membership. 

2. To authorize a revised system 
for the collection of dues from 
members whereby national dues 
are billed nationally on a direct 
individual basis and local dues 
are collected either locally or 
nationally at the option of the 
local chapter or club. 

3. To establish a Standing Committee 
on Publications. 

4. To continue the immediate Past 
President as a member of the 
Executive Committee for a two- 
year period. 

The first of these proposals will be 
presented to the Convention by the 
Committee on Criteria for, and Elec- 
tion to, Membership, with the recom- 
mendation for approval by the Execu- 
tive Committee. The details of this 
proposal are presented in the report of 
the Committee on Criteria for Elec- 
tion to Membership, see page 369A. 
The remaining proposals are recom- 
mendations of the Executive Com- 
mittee resulting from studies by the 
Committee on Long-Range Planning. 
The details of these proposals are as 
follows: 


AND 


Basis of Proposals 


1. Direct National Billing of Members: 
It has been 10 years since National 
Headquarters introduced the present 
system of maintaining the membership 
records and collecting the national 
assessments. In this decade the size of 
the Society has essentially doubled from 
44,000 to 85,000 members. The 117 
chapters of 1953 have become 145, the 
60 clubs-133, the 5000 Members-at- 


GCGOMGOR 


LEADER IN SOLID STATE ANALOG AND HYBRID COMPUTING SYSTEMS. 


Ci-308B AMPLIFIER FEATURES 


W High reliability — field proven SOLID 
STATE Circuitry. Calculated. MTBF 
(component failure) 157,000 hotrs. 


W High Output — 50ma + 100 volts DC. 


w Low Noise—3mv p-p @ 0-200 cps; 
5mv p-p @ 200 cps-35 keps. 


Introduces 
the AMP PAC... 


the multi amplifier 


e 
w Low Drift — 50 microvolts/8 hour day at 
constant temperature. 


The field-proven 100 volt SOLID STATE 
Ci-308B Operational Amplifier was designed 
specifically for analog and hybrid computer 
applications. The Ci-308B allows iterative 
computation and simulation at speeds far in 
excess of those possible with vacuum tube 
operational ampifiers—without the frequent 
balancing problems of vacuum tube 
amplifiers. 


rack-mounting 


module 








The Amplifier Package is a rack-mounting unit pre- has its own built-in power supply and chopper drive 
wired for ten Model Ci-308B Operational Amplifiers. capable of handling up to 16 Ci-308B Operational 
It has six additional card slots that can be wired Amplifiers. Vacuum tube operational amplifiers and 
for a variety of optional cards such as feedback their cumbersome power supplies can be quickly 
networks and nonlinear elements. The AMP PAC and easily replaced with the compact AMP PAC. 


For complete technical information on O 

the Medel Ci-308B all SOLID STATE C j 

Amplifier and the Ci-341 AMP PAC, [| OMCOR NC. A Subsidiary of Astrodata, Inc. 
call your nearest COMCOR represen- 

tative or write directly to us. P. O. BOX 3057, 1335 SOUTH CLAUDINA ST., ANAHEIM, CALIFORNIA + 92803 
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Large-25,000, and, of course, all other 
activities have multiplied accordingly. 
The work load at National Headquar- 
ters, however, has increased by some 
geometric proportion. 

In 1963, the Executive Committee en- 
gaged an outstanding firm of manage- 
ment cgnsultants to study certain 
aspects of the Society’s current and 
proposed operations. Included in the 
report submitted by the consultants 
were the following statements: 


Recommendations for Creating a Sound 
Administrative Structure 


“Sigma Xi will always have to tolerate 
some of the limitations that now exist 
locally. It will always be difficult to get 
chapter officers to serve for a long period 
of time, and these positions will always 
be filled by busy people whose major 
interests lie elsewhere. 

“Therefore, to strengthen local ad- 
ministration, local needs should be pro- 
vided for at a level in the Society where 
both time and continuity of personnel 
can be made available economically. 

“We recommend that you strengthen 
National Headquarters to improve 
administrative support to the chapters 
and clubs, and to establish a closer bond 
between National Headquarters and in- 
dividual chapter members. To put 
this recommendation into effect Sigma 
Xi should :* 

(1) “Provide Systems Information 
to the Chapters and Clubs: National 
Headquarters should develop and cir- 
culate to the chapters a complete set, 
of systems and procedures for their 
record-keeping and administrative 
needs. 

(2) “Provide Central Dues Collection 
and Mailing Services: Since up-to- 
date address lists must be maintained 
for AMERICAN Scientist, New Haven 
is already well equipped to bill chap- 
ter members directly for dues and 
to rebate local dues to individual 
chapters. This service already is per- 
formed for the Members-at-Large, and 
central dues collection is successfully 
carried out by other major societies, 
such as the American Chemical 
Society. 

(3) “Establish Direct Communica- 
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tions with Chapter Members: There 
now almost no direct contact betwe 
National Headquarters and the in 
vidual chapter member. We reco) 
mend that National Headquarters ke 
members posted on chapter activiti 
and national programs throughout t 
country. Establishing this line of coi 
munication would give National Hea 
quarters the opportunity to reemph 
size the key elements of the Society 
philosophy continually and to point 1 
the national and international aspec 
of the Society’s activities, which nc 
tend to be overlooked locally. 
“The primary vehicle for this cor 
munication should be a regular ‘Nes 
of the Society’ section in Americ: 
Scientist. In addition, communic 
tions might be enclosed within the du 
mailings and occasional special ma 
ings—although the latter would | 
expensive and should be strict 
limited in number.”’ 
The Committee on Long-Range Pla 
ning appointed by President Rossi 
to study this report requested the Exec 
tive Secretary to prepare a plan for tl 
direct billing of the membership wheret 


the following objectives would | 
realized: 

1. Improved Headquarters oper: 
tions, 


2. Improved image of the Nation: 
Society, and 
3. Improved relations with individu: 
members of the Society as we 
as with the chapters and clubs. 
The proposal was first submitted i 
principle by the Executive Secretar 
to the Long-Range Planning Committe 
on 10 March 1964. Following approv: 
in principle—a detailed formal pri 
posal (including computer program wit 
time and cost estimates) was furnishe 
the Committee on 15 May. This pla 
in summary is as follows: 


PROPOSED PLAN 
Principal Features: 


1. Change the period covered by Ne 
tional Assessment from calenda 
year to academic year. This would b 
consistent with essentially 100° 
of the chapters and clubs and woul 
thus eliminate much of the presen 
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Photomicrography MICROSCOPE 
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ACA $39.95 


~ È LABORATORY 
MICROSCOPE 
MLK $198 


UNITRON offers an extensive line of Laboratory Micro- 
scopes & Accessories for Research, Industry and Education. 
Illustrated is a partial selection for biology, medicine, 


chemistry and related fields. UNITRON also has companion INSTRUMENT COMPANY e MICROSCOPE SALES DIV. 
instruments for the metalworking industries. 66 NEEDHAM ST., NEWTON HIGHLANDS 61, MASS. 





Noted for optical quality ... advanced optical and mechan- Please rush UNITRON's Microscope Catalog 9-E 
ical design. . . unique and convenient operational features Name__ 
... long wearing construction . . . attractive budget prices ee ay 
which include basic optics . . . these, together with years of Adee 
proven instrument performance, are the reasons why .. . 
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confusion and dissatisfaction. The 
fiscal year of the Society would re- 
main unchanged. 
. Encourage chapters to hold only 
Spring initiations. 
. Increase initiation fees by at least 
$1.00 to provide for an additional 
one-half year subscription to AMERI- 
CAN Scientist. This would insure 
receipt of magazine for one full 
year after name has been added to 
rolls of the Society. (New initiate 
would continue to be active for the 
academic year following that in 
which he was initiated.) 

. Convert entire record-keeping sys- 

tem and mailing procedure to a 

magnetic tape operation for speed, 

flexibility, and economy of opera- 
tion. 

. Introduce a new universal member- 

ship bill with following features: 

A. A detachable membership card 
for academic year of billing. 

B. A one-piece form which will fold 
into a postage paid return en- 
velope with space for: 

(1) Message to and from mem- 
bership 

(2) National dues entry 

(3) Chapter/club local dues 
entry—or notation ‘Pay 
locally” 

Note: This is an option 
feature to be used in ac- 
cordance with wishes of 
chapter or club. 

(4) Contribution to Grants-in- 

Aid of Research 

(5) Total 

(6) Name 

(7) Address 

(8) Identification number (chap- 
ter, club, etc.). 


6. Bill membership as follows: 


A. New initiates. 

(1) Send a bill with the Na- 
tional Assessment entry 
marked ‘Paid’? to most all 
intiates on June 1 following 
initiation—establishing im- 
mediate contact. Possibly in- 
clude letter from National 
President. 

(2) Continue to send “Paid” 
bills as late initiate data 
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cards are received after 
June 1. 
B. Active membership of institu- 
tional chapters and clubs. 

(1) Send bills to all chapter and 
club members on May 15. 

(2) “Charge” variable local dues 
of current chapter or club 
uf requested to do so by that 
chapter or club. 

Send record of complete bill- 
ing to each chapter or club 
concerned on May 15. 
Repeat billing of unpaid 
membership on June 15, 
August 1, September 15— 
sending record to each chap- 
ter and club concerned. 

C. Chapter-at-Large Membership. 

(1) First bill to Membership-at- 
Large would have to roll 
the dues forward or back- 
ward—if effective date be- 
comes July 1 rather than 
January 1—to ease transfers. 


(3 


N 


(4 


x 


. Allocate individuals and fees paid 


to chapters and clubs as requested 
by members. 


. Send current membership list with 


addresses to chapters and clubs on 
September 15, with local dues col- 
lected, and repeat this operation 
October 15, November 15. Thereafter, 
additions reported by individual no- 
tice, not machine run. 

A. List would contain: 

(1) Names in alphabetical order. 

(2) Addresses. 

(3) Complete data on each mem- 
ber. (Associates and Full 
would be separate or clearly 
indicated.) 


Advantages: 
1. Places member on a direct indi- 


vidual basis with National Head- 

quarters: 

A. Eliminates many inaccuracies 
and delays since National Office 
need not depend on chapter or 
club to transmit fees. 

B. Builds image of National Society. 

C. Permits National Office to re- 
spond to a complaint im- 
mediately without the present 
check through chapter or club. 


SOME OSCILLOSCOPE TERMS 


FUNDAMENTALS 
OF SELECTING 
AND USING 


OSCILLOSCOPES Pi 





Choosing the right oscilloscope to help solve a measurement problem is sometimes con- 
fusing. The choice seems so large. For example, Tektronix offers over fifty different types. 


The choice of an oscilloscope narrows considerably, however, once the eapplication is 
known. Determining the type which best suits the application then becomes a matter of 
understanding the various features of the oscilloscope. 


To help you better understand oscilloscope features, Tektronix offers you a free booklet. 
The booklet, FUNDAMENTALS OF SELECTING AND USING OSCILLOSCOPES, can be 
an invaluable aid in furthering your knowledge of oscilloscopes and in learning more about 
how these precision tools might help you in your studies of changing phenomena. Also, 
in addition to explaining oscilloscope features, this informative 16-page booklet designates 
differences in oscilloscope types and describes factors affecting validity of waveform 
displays. 

For your copy of the booklet, please write to Tektronix or use the coupon below. 


l š y 
I Tektronix, Inc. P.O.Box 500, Station 96750, Beaverton, Oregon I 
- Please send me the free booklet “Fundamentals of Selecting and Using Oscilloscopes." - 
l 
Ea ae ee | |S 
Company or Organization 
| Address l 
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2. Saves time of chapter and club non- 
paid officers. 

3. Saves chapters and clubs postage, 
etc. when local dues are collected. 

4. Eliminates wait of 2 months by 
National Headquarters for edited 
list. 


Actually, the present method can re- 
sult in ‘a member paying his dues in 
September to a chapter or club and not 
becoming active until May of the next 
year. . 

Files constantly corrected as pay- 

ments are received. Fewer missed issues 

of AMERICAN ScrentTIsT will reduce 
back mailing required. 

5. Catches transfers earlier and auto- 
matically. 

6. Saves on AMERICAN SCIENTIST— 
no really free issues. 

Initiation fee provides for six issues in- 
cluding March and June of year of 
election. 

7. Maintains constant contact with 
membership permitting important 
communications to be sent directly. 

8. Affords opportunity for every mem- 
ber to contribute to Grants-in- 
Aid of Research. 

9. Evens out work load on office of 
the Treasurer. 

10. Affords greater safety to records. 
(Duplicate copies can be stored in 
fireproof vault—present volumi- 
nous files cannot.) 


Following a month’s study of the 
plan the Committee on Long-Range 
Planning met on June 11 and after full 
consideration of comments from chap- 
ters and clubs, VOTED that: 


The Long-Range Planning Committee 
recommend to the Executive Committee 
that, at its meeting on October 16 
(later changed to October 7), appro- 
priate proposals be made by the Execu- 
tive Committee to the 65th Annual 
Convention on December 29 so that: 

A. National dues may be billed 
nationally on a direct individual 
basis in accordance with the de- 
tailed plan prepared by the Execu- 
tive Secretary. 

B. Local dues may, at the option of 
the local chapter or club, be col- 
lected either locally or nationally. 
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C. The National Society will absorb 
inequities arising from transfers 
of membership from one local 
chapter or club to another, so that 
a member in good standing be in 
no less a position after moving. 
(This will cover variations in 
local dues, with some chapters or 
clubs with higher dues receiving 
appropriate payments. ) 


2. Committee on Publications: Article 
IV Section 2 of the Constitution 
provides that “Unless the Executive 
Committee shall make other arrange- 
ments, the Executive Secretary shall 
edit the Society publications.” In 
1954, upon the recommendation of an 
Ad Hoe Committee on Publications, 
the Executive Committee appointed 
an Editor-in-Chief and Board of Edi- 
tors for AMERICAN Scientist. The Edi- 
tor-in-chief of AMERICAN SCIENTIST also 
served as the Editor of Science in Prog- 
ress until 1960 when a separate Editor 
was appointed for that publication. 

Within the past decade, not only has 
the size of AMERICAN SCIENTIST in- 
creased by approximately 50%—the 
circulation has more than doubled. 
With this increase in the magnitude of 
the operation, it seemed advisable to the 
Committee on Long-Range Planning 
that the Executive Secretary and the 
Executive Committee could benefit 
from the support of a Standing Com- 
mittee on Publications which would 
serve in an advisory capacity on matters 
pertaining to publications of the Society 
other than editorial. 

The Committee on Long-Range Plan- 

ning at its meeting on June 11 unani- 
mously VOTED that: 
The Long-Range Planning Committee 
recommend to the Executive Com- 
mittee that an Advisory Committee 
on Publications be appointed in a 
manner similar to other committees 
(Lectureships, Grants-in-Aid) and that 
it consist of five members (four Sigma 
Xi and one RESA) and that its scope 
be established by the Executive Com- 
mittee. Also, that the Editor-in-chief and 
the Business Manager of AMERICAN Sci- 
ENTIST be ex-officiis Members and that 
the Editor-in-chief be Chairman of this 
Committee. 


3. Past President: Since the last 
major revision of the Constitution and 
Bylaws in 1956, members of the Execu- 
tive Committee have suggested that the 
immediate Past President should con- 
tinue as an Ex-officio member of the 
Executive Committee. For obvious 
reasons each President, in turn, has 
been reluctant to have this proposal 
presented when he would be personally 
concerned with the action. President 
Rossini requested that the recommen- 
dation to be made to this year’s Con- 
vention become effective January 1, 
1967. The Executive Committee, how- 
ever, voted unanimously not to accept 
Dr. Rossini’s proposed timing but rather 
to have the provision for representation 
on the Executive Committee by the 
immediate Past President to become 
effective immediately if approved by 
the Convention. 


REPORT OF THE COMMITTEE ON 

CRITERIA FOR, AND ELECTION TO, 

MEMBERSHIP IN THE SOCIETY OF 
THE SIGMA XI 


The Committee on Criteria for, and 
Election to, Membership in The Society 
of the Sigma Xi was appointed by 
President Rossini as a Committee of the 
Convention of the Society, by vote of 
the delegates in December 1962. This 
Committee was given the dual assign- 
ment of (1) reporting to the Convention 
on specific actions which would improve 
the position of the Membership-at- 
Large in the Society; and (2) reporting 
to the Convention on the Criteria 
which might be used for determining 
eligibility for election to, and member- 
ship in, the Society. 

The first of these assignments was 
completed in October 1963, and the 
recommendations from the Committee 
were accepted by the Convention at its 
meeting in December of that year. 
Since that time the Committee has been 
concerned with identifying and defining 
the criteria which might be used for 
election to associate membership and 
(full) membership in the Society. As 
our discussion progressed, it became 
evident that the diversity of the criteria 
now allowed in the National Constitu- 
tion and Bylaws made any approach to 


standardization of criteria for election 
impossible: accordingly, we have felt 
that changes should be made in the 
National Constitution and Bylaws to 
reduce to some extent this diversity. 


As a basis for its deliberations, the 
Committee on Criteria studied copies 
of constitutions, bylaws, nomination 
forms, and other documents submitted 
by 121 of the chapters in the Society. 
From a survey of this material, it be- 
came clear that much diversity existed 
also in the procedures used by chapters 
in the election of Associate Members 
and (full) Members; some chapters 
use no nomination form, the nomina- 
tions being made by letter or even orally 
to the membership committee; other 
chapters use some type of form, usually 
mimeographed, requesting varying 
amounts of information about the 
nominee. The Committee on Criteria is 
convinced that, quite apart from the 
changes which are being suggested in 
the National Constitution and Bylaws, 
a standard form of nomination blank 
prepared under the direction of the 
Executive Committee of the Society, 
could be used to good advantage by all 
chapters in the election procedures 
of both Associate and (full) Members. 
These forms would be distributed with- 
out charge to the chapters. One page of 
this form would contain excerpts from 
the National Constitution and Bylaws 
regarding the criteria for election. 
The Committee on Criteria has ac- 
cordingly recommended to the Execu- 
tive Committee of the Society that 
such forms be prepared and provided 
for the use of chapters. Since there is 
no statement in the National Constitu- 
tion or Bylaws regarding the form on 
which nominations are to be made, no 
changes in the Constitution or Bylaws 
are necessary. The National Executive 
Committee has already accepted this 
recommendation and has authorized 
the Executive Secretary’s office to pre- 
pare the nomination form. Printing and 
distribution of these forms will be de- 
layed until action is taken by the Con- 
vention in December 1964, on the 
changes recommended by the Com- 
mittee on Criteria, as given later. 

The Committee on Criteria submits 
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The Lincoln Laboratory, a research center of the 
Massachusetts Institute of Technology, is engaged in 
theoretical and experimental investigations in 
advanced electronics, with emphasis on technological 
applications to national defense and space exploration. The 
program in Space Communications is directed toward the discovery 
and development of methods for long distance communication re- 
sistant to disruption by natural or man-made disturbances. All 
qualified applicants will receive consideration for employment 
without regard to race, creed, color or national origin. Lincoln 
Laboratory, M.I.T., Box 31, Lexington 73, Massachusetts. 
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Solid State Physics 
Information Processing 

Radio Physics and Astronomy 
Radar Design 

Control Systems 

Space Surveillance Techniques 
Re-entry Physics 

Space Communications 


A description of the Laboratory's 
work will be sent upon request. 





the following recommendations to the 
Convention: 


First: That election to membership in 
The Society of the Sigma Xi, either to 
associate membership or (full) member- 
ship, be based only on research aptitude 
or research achievement and not upon 
academic standing in class, formal course 
grades or grade points or upon an analysis 
of the personal character of the nominee. 

At the present time the National 
Constitution and Bylaws state that 
eligibility for election to associate mem- 
bership requires marked excellence in 
studies in at least one field of pure or 
applied science. Many chapters have 
extended this requirement of standing 
in class or course grades or grade points 
to the eligibility of graduate students. 
However, since The Society of the Sigma 
Xi is concerned with the recognition 
and the encouragement of research in 
science, it is the conviction of the mem- 
bers of the Committee on Criteria that 
research aptitude and achievement only 
should be used as criteria. In many 
cases, of course, there is direct rela- 
tionship between high grades and re- 
search achievement but there are also 
many instances of exceptional research 
achievement without the high academic 
record in courses. In accordance with 
this proposal, the Committee on Cri- 
teria recommends the deletion from 
the Constitution of the reference to 
“excellence in studies” as a requirement 
for election to associate membership. 
(See Appendix I to this report.) 


Second: That election to associate 
membership be restricted to undergraduate 
students (at the time of election), 
including graduating seniors, 
who have shown marked aptitude for 
research. The aptitude is to be demon- 
strated by independent investigation or- 
dinarily resulting in a written report 
(such as term paper, thesis, etc.), a copy 
of which must be made available to the 
local Committee on Admissions, if the 
members of the Committee so require. 

In explanation of this recommenda- 
tion the Committee calls attention to the 
following points: 

An analysis of letters and other docu- 
ments received from the chapters 
of the Society in connection with the ac- 


tivities of the Committee on Criteria 
shows that it is almost always the grad- 
uate student group which presents the 
problems in election. Ordinarily, only 
a few undergraduates are elected and 
these are clearly unusual students. 
Likewise, the members of the instruc- 
tional and research staff present little 
difficulty; their selection as officers of a 
university is usually sufficient indication 
of their research achievement. The 
graduate students are the cause of un- 
certainty to a large degree because 
they may be taken into the Society, 
under the present terms of the Na- 
tional Constitution, either as Associate 
Members or as (full) Members. There 
is at present, therefore, the double prob- 
lem of determining the minimum 
standards for their election as 
(full) Members. The Committee on 
Criteria is of the opinion that problems 
of their election will be less extensive 
and acute if associate membership is 
restricted to undergraduates (that is, 
undergraduates at the time of their 
election). This change would also bring 
into sharp focus the real meaning of 
Associate Members: undergraduates 
who have shown marked aptitude for 
research on the basis of some research 
work actually accomplished. In addition, 
it emphasizes the responsibility of the 
chapters regarding Associate Members 
who become graduate students—the 
obligation to observe the progress of 
such individuals and to promote them 
to (full) Members when they have 
demonstrated the required research 
achievement. The Committee on Cri- 
teria is accordingly recommending that 
the pertinent article and section of the 
Constitution be changed so as to restrict 
the election of Associate Members to 
undergraduates. (See Appendix I to this 
report.) 

Third: That election or promotion to 
(full) membership in the Society be 
based on noteworthy achievement in re- 
search, demonstrated by publications, 
written reports, thesis, or dissertation, 
copies of which must be made available to 
the local Committee on Admissions, if the 
members of the committee so require. 
The local committees have the responsi- 
bility of setting their own standards within 
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GM's research in depth 


When will it wear out? 


Most things we know about—and this includes 
biological systems—begin to wear out as soon as they 
go into service. Survival rates do not follow a Gaussian 
distribution. Life is not symmetrical. For the person 
concerned with reliability, the problem is to find a 
realistic mathematical representation of the wear-out 
phase of components. 


In a break from classical reliability statistics, GM 
Research mathematicians were among the first to use 
the relatively little known Weibull distribution function 
. . a remarkable generalized way of handling skewed 
distributions by one family of straight lines. To 
demonstrate its appropriateness, they've developed a 
number of easy-to-use graphical techniques for planning 
and interpreting life tests, fatigue experiments, and 
even incomplete field service data. Among 
their pioneering contributions: 


A new method using median ranks for graphically 
describing experimental main effects and interactions; 


New ways of slashing test times and optimizing 
experimental designs; 


A new method (theory of suspended items) for 
analyzing endurance data in which some items have 
failed and some are still running. 


Now an accepted standard in the bearing industry, 

their graphic Weibull techniques have filled numerous 
papers and two books now on press. It’s one of the ways 
GM researchers and engineers are working to bring 
improved reliability to both space and earth- 

bound hardware. 


General Motors Research Laboratories 
Warren, Michigan 
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Varying one parameter (b) in the Weibull 


distribution function allows the characteriza- 
tion of many types of reliability phenomena. 


the framework of this general pattern. 

The following is an explanation of the 
Committee’s reasons for this proposal. 
The most controversial question with 
which the chapters have had to deal in 
connection with election of graduate 
students to (full) membership involves 
the significance of the students’ meeting 
the requirements for the Ph.D. de- 
gree, in the case of those students who 
are completing their final year as 
graduate students. Some members of 
the Society believe that election to 
(full) membership in Sigma Xi should 
stand for the competititve best in 
research, which would not, of course, 
include every individual receiving a 
Ph.D. degree in the natural sciences. 
Others believe that the meeting of the 
requirements of the degree of Ph.D. in 
a natural science should in itself be 
sufficient to indicate research achieve- 
ment. In considering this question, the 
Committee on Criteria has been in- 
creasingly impressed by the following 
statement included in Article V of the 
National Bylaws, regarding the con- 
ditions essential for election of (full) 
Members: “Evidence of suitability for 
election to Sigma Xi should comprise 
all those accomplishments expected of 
companions in zealous research that 
would normally be recognized by the 
independent award of degrees, by 
publication of research, or by other 
kinds of certification. However, mem- 
bership in Sigma Xi is neither linked to 
the possession of any degree nor con- 
tingent upon belonging to some other 
organization.” We wish to reiterate the 
assertion here that membership is not 
linked to the possession of any degree. 
It is our conviction, therefore, that the 
possession of the Ph.D. (including the 
completion of the requirements for 
this degree) does not by itself meet the 
conditions necessary for election, al- 
though, of course, the research done for 
the degree requirements would form part 
of the evidence to be considered. Some 
objection may be raised that a student 
completing his last year for the Ph.D. 
degree might not have his thesis in such a 
condition as to be submitted as evidence 
at the time when the election of mem- 
bers takes place. It is for this reason 


that the clause “if the members of the 
committee so require’ is included in 
our proposal; much depends upon the 
local circumstances, the time when elec- 
tions are held, etc. It is also stated in our 
proposal that the local committees have 
the responsibility of setting their own 
standards within the framework of the 
general pattern. What the Committee 
is trying to emphasize is that there 
should be no such process as ‘‘rubber- 
stamping” of election of members into 
the Society and that local committees 
have their own responsibility and obli- 
gation of satisfying themselves of the 
noteworthy achievement accomplished 
by the nominee. 

In connection with the requirements 
for election to (full) membership in 
the Society, the Committee believes 
that the policy of some chapters of 
setting two different standards for elec- 
tion to (full) membership, one for 
graduate students and another for 
staff members, is unsatisfactory. This 
policy has resulted in peculiar situa- 
tions, e.g, an assistant professor not 
being eligible for membership in a 
chapter, although his graduate students 
are because of lower standards for the 
studeat category. The Committee on 
Criteria feels that there should not be 
double standards of this type and is 
proposing that the section of the By- 
laws pertaining to (full) membership 
carry a statement that criteria for elec- 
tion of staff members are the same as 
those for graduate students. (See Ap- 
pendix I of this report.) 

There is one additional change in the 
general area of membership which the 
Committee on Criteria is reeanmending 
to the Convention, although criteria 
as such are not specifically involved, 
on the grounds that the present ar- 
rangements lead to confusion and mis- 
understanding. The National Constitu- 
tion (Article VII, Section 2a), now 
specifies that, among others (professors, 
instructors, etc.), graduates of an institu- 
tion in which a chapter is located may be 
elected to membership. Originally there 
was, in fact, a category of membership 
designated as alumni members for such 
individuals, but this was deleted from 
the Constitution several years ago and 
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the graduates provided for in Section 
2a, as mentioned above. At that time, 
Section 2c of Article VII was not in 
existence and it seemed advisable to 
make such provisions for graduates 
who would otherwise not be eligible 
for election. More recently, however, 
Section 2c was added, this providing 
possibilities for membership for any 
investigator connected with a non- 
degree-granting institution, not having 
a chapter; this broad statement elimi- 
nates the need for provision specifically 
for electing graduates. Many chapters 
have continued to recognize alumni 
members in their Chapter Bylaws, 
though this category of membership 
was deleted from the National Consti- 
tution years ago. Furthermore, some 
chapters have set up complicated limi- 
tations on the eligibility of graduates, 
such as the number of years which have 
passed since attending university, etc. 
The graduate category also complicates 
the election of investigators at a non- 
degree-granting institution not having 
a chapter as now indicated in Section 
2a of Article VII of the Constitution. 
The Committee feels that this graduate 
provision is no longer needed and is 
proposing its elimination from the Con- 
stitution. The Committee wishes to 
emphasize, however, that this change 
is not strictly a part of the recommenda- 
tions havifg to do with the criteria for 
election. 

Accompanying this report in Appen- 
dix I is a list of the changes in the 
National Constitution and Bylaws pro- 
posed by the Committee on Criteria. 
Appendix II is a list of the correspond- 
ing sections and articles as they now 
exist. As will be noted, the Committee 
has taken advantage of this opportunity 
to revise to some extent the wording 
of the Sections of both the Constitution 
and the Bylaws pertaining to mem- 
bership, the wording being changed in 
such a way as to give greater emphasis 
to the varying circumstances under 
which elections may be made. We have 
also revised the order of some of the 
Sections, by putting the associate 
membership category before the (full) 
membership category; thus, Section 
2 of Article VII deals with associate 
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membership and Section 3 deals with 
(full) membership or promotion from 
associate membership to (full) member- 
ship. 

Please note that in the proposed re- 
vision of the Articles of the Constitu- 
tion, following a general statement of 
eligibility, reference is made to Articles 
in the Bylaws which define terms or 
amplify the meanings of the Constitu- 
tion. For example, in the revised Article 
VII, Section 2 of the Constitution, the 
statement is made that: ‘The following 
are eligible for election to associate 
membership as provided in Article 
VIII; in an institution having a chapter, 
any undergraduate who has shown 
marked aptitude for research in the 
field of pure or applied science (see 
Bylaws Article V, Section 2).’’ In the 
Section of the Bylaws referred to, the 
nature of the evidence which may be 
used to determine research aptitude is 
defined. 

Section 3 of Article VII of the Con- 
stitution has been revised in such a way 
as to make the differences between the 
three portions of the Section clear; 
the first (a), deals with institutions 
having a chapter; the second (b) with 
a degree-granting institution not having 
a chapter; and (c) with a non-degree- 
granting institution not having a chap- 
ter. 

Committee on Criteria for, and 
Election to, Membership 
Marsh W. White, A. C. Leopold, 
Harold G. Cassidy, James H. Marks, 
Frank C. Croxton, 
F. M. Carpenter, Chairman 


Appendix I of the Report of the 
Committee on Criteria for, and Elec- 
tion to Membership in The Society 
of the Sigma Xi states the proposed 
changes in the National Constitution 
and Bylaws. Appendix II records the 
corresponding sections of the Constitu- 
tion and Bylaws of the Society as they 
now exist. 

The proposed revisions of the Consti- 
tution and Bylaws thus involved have 
been added to the revisions proposed by 
the Committee on Long-Range Planning 
and are presented, as a whole, in the 
next pages to show both present and 
proposed wording. 












Available in 
Quarts. « Deasa aae Cay 15 oach 
Cases of 12 x 1.08. 3 .$19. 


1-Gallon Containers ..... $7. 00 i 
Cases oF. 4° LGA ois ov ae eeu $24.00 
Includes. 1-oz. Dispenser 
15 Gallon Drums .....-«.:-; $74.30 


(Slightly Higher West of Rockies) 


THE MOST “S 


SIGNIFICANT 
ADVANCE EVER ACHIEVED in LIQUID DETERGENTS! 


Especially Created for Non-Interference in 


TISSUE CULTURE WORK and ANALYTICAL DETERMINATIONS! 





THE COMPLETE DETERGENT for Completely and instantly soluble « Ex- 


CRITICAL CLEANING in Hospitals, ceptionally stable— Mild (neutral pH) * 

Laboratories and Industry! Will not etch glass e Non-Toxic e Con- 
tains no phosphates (no interference in 

IDEAL —for all general laboratory, critical determinations) + Equally effi- 

hospital and surgical cient in hard or soft water e Outstand- 

glassware, equipment ing blood and fat solvent « 

and instruments ECONOMICAL TO USE! 

e for industrial parts oss 

and processing equip- ...and it’s 


ment BIODEGRADABLE! 


e for ultrasonic washers conforms to the latest 
technological developments 


FREE SAMPLES available from your Laboratory, 
Surgical, Hospital and Industrial Supply Dealer 


ALCONOX, INC., 953 sroapway, NEW YORK, NEW YORK 10003 


the 
acturers 


By 
Manuf 





375A 


PROPOSED REVISIONS TO CONSTITUTION 


PRESENT WORDING 
ARTICLE IV 


Section 1. The officers of the Society 
shall be a President, a President- 
elect, an Executive Secretary, and a 
Treasurer. The standing committees of 
the Society shall include Executive, 
Membership-at-Large, Grants-in-Aid 
of Research, ‘National Lectureships, 
Budget, and Finance. 

Section 8. (a) The Executive Com- 
mittee shall consist of the following: 
The President, President-elect, Execu- 
tive Secretary, Treasurer, eight mem- 
bers elected by Annual Conventions, 
the Chairman of the Committee on 
Membership-at-Large, the Chairman 
of the Committee on Grants-in-Aid of 
Research, the Director of National 
Lectureships, and the Editor-in-Chief 
of American Scientist if other than the 
Executive Secretary as provided by 
Section 2 of this Article. 


ARTICLE VII 


Section 3. The following and no others 
are eligible for election to associate 
membership by any chapter as provided 
in Article VIII: Any person who is 
currently or was during the preceding 
year a student in the institution in 
which the chapter is located and has 
completed at least three years of work 
toward an undergraduate degree and 
has shown marked excellence in his 
studies in at least one field of pure or 
applied science, as described in Article 
I, Section 3, and given evidence of an 
aptitude for research in one of these 
fields. 

Section 2. The following and no 
others are eligible for election to mem- 
bership or promotion from associate 
membership to membership by any 
chapter, as provided in Article VIII. 

(a) Any professor, instructor, student, 
graduate, or other member of the in- 
structional or research staff of the insti- 
tution in which the chapter is located, 
who has shown noteworthy achieve- 
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PROPOSED WORDING 
ARTICLE IV 


Section 1. The officers of the Society 
shall be a President, a President-elect, 
an Executive Secretary, and a Treasurer. 
The standing committees of the Society 
shall include Executive, Membership- 
at-Large, Grants-in-Aid of Research, 
National Lectureships, Budget, Finance, 
and Publications. 

Section 8. (a) The Executive Com- 
mittee shall consist of the following: 
The President, President-elect, Execu- 
tive Secretary, Treasurer, eight mem- 
bers elected by Annual Conventions, 
the immediate Past President, the 
Chairman of the Committee on Mem- 
bership-at-Large, the Chairman of the 
Committee on Grants-in-Aid of Re- 
search, the Director of National Lec- 
tureships, and the Editor-in-Chief of 
AMERICAN SCIENTIST if other than the 
Executive Secretary as provided by Sec- 
tion 2 of this Article. 


ARTICLE VII 


Section 2. The following are eligible 
for election to associate membership as 
provided in Article VIII: In an in- 
stitution having a chapter, any under- 
graduate who has shown marked apti- 
tude for research in the field of pure or 
applied science (see Bylaws, Article 
V, Section 2). 

Section 3. The following are eligible 
for election to membership or promotion 
from associate membership to member- 
ship by any chapter, as provided in 
Article VIII (see Bylaws, Article V, 
Section 3): 

(a) In an institution having a chap- 
ter, any graduate student or member 
of the institution or of the research staff 
who has shown noteworthy achieve- 
ment as an original investigator in some 
field of pure or applied science, as 
described in Article I, Section 3. 

(b) In a degree-granting institution 
not having a chapter, any member of the 
instructional or research staff who has 
shown noteworthy achievement as an 
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PROPOSED REVISIONS TO CONSTITUTION 


PRESENT WORDING 


(Continued from page 376A) 


ment as an original investigator in some 
branch of pure or applied science, as 
described in Article I, Section 3. 

(b) Any professor, instructor, or 
other investigator connected with a 
degree-granting institution not having 
a chapter, who would otherwise be 
eligible for membership on the conditions 
stated in Section 2 (a) of this Article. 

(c) Any investigator connected with a 
non-degree-granting institution not hav- 
ing a chapter, who would otherwise be 
eligible for membership on the conditions 
stated in Section 2 (a) of this Article, 
when the nomination by the chapter’s 
Committee on Admissions bas been ap- 
proved by a three-fourths vote of the 
(National) Executive Committee. In 
those cases where the individual being 
nominated holds a research doctor’s 
degree from an institution now having a 
chapter of Sigma Xi it should be clearly 
indicated that the election is being pro- 
posed subsequent to having extended the 
privilege of election to the chapter at the 
original institution. 


Section 4. (a) A Member or Associate 
Member of the Society upon presenting 
satisfactory credentials showing elec- 
tion to membership or associate mem- 
bership in the Society, and paying chap- 
ter dues, is entitled to appropriate mem- 
bership, in any chapter depending upon 
his relationship to the institution in 
which the chapter is located. 

(b) A Member or Associate Member 
of the Society upon presenting satis- 
factory credentials showing election 
to membership or associate membership 
in the Society, and paying dues, is 
entitled to membership in any club. 


ARTICLE VIII 


Section 2. It shall be the duty of the 
chapter or its Committee on Admissions 


PROPOSED WORDING 


original investigator in some field of 
pure or applied science, as described in 
Article I, Section 3. 

(c) In a non-degree-granting insti- 
tution not having a chapter, any in- 
vestigator who has shown noteworthy 
achievement as an origimal investigator 
in some field of pure or applied science, 
as described in Article I, Section 3. 
Nominations by a chapter’s Committee 
on Admissions must be approved by a 
three-fourths vote of the (National) 
Executive Committee. 


Section 4. (a) A Member og Associate 
Member of the Society upon presenting 
satisfactory credentials showing election 
to membership or associate member- 
ship in the Society, and paying national 
and local chapter dues, is entitled to 
appropriate membership in any chapter 
depending upon his relationship to the 
institution in which the chapter is 
located. 

(b) A Member or Associate Member 
of the Society upon presenting satisfac- 
tory credentials showing election to 
membership or associate membership 
in the Society, and paying national and 
local club dues, is entitled to membership 
in any club. 


ARTICLE VIII 


Section 2. It shall be the duty of the 
chapter or its Committee on Admissions 
(Continued on page 378A) 
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PROPOSED REVISIONS TO CONSTITUTION 


PRESENT WORDING 
(Continued from page 377A) 


to examine annually the records of all 
Associate Members currently active 
with the chapter and of those previously 
elected by the chapter and to present to 
the chapter for promotion to member- 
ship such Associate Members as have 
shown noteworthy achievement as origi- 
nal investigators in some branch of pure 
or applied science. Also any Associate 
Member, as a basis of consideration for 
promotion to membership, may submit 
evidence of research accomplished to the 
secretary of the chapter which elected 
him or to the secretary of the chapter 
with which he is currently active. 


ARTICLE XI 


Section 1. The operating expenses of 
the Society shall be met to the extent 
necessary by such assessments on the 
chapters and clubs, as may be recom- 
mended by the Executive Committee 
and authorized by plurality vote of 
the chapters, clubs, and Chapter-at- 
Large represented at the Convention. 
The assessment of each chapter shall be 
based on & pro rata levy and computed 
on the basis of the number of Members 
and Associate Members on the official 
membership roll of the chapter, includ- 
ing chapter Members, chapter Associate 
Members, Affiiate Members and Af- 
filiate Associate Members. The as- 
sessment on each club shall similarly be 
computed on the number of Members 
and Associate Members of the club. 

Section 3. Members and Associate 
Members of a chapter or club shall pay 
to that chapter or club such annual 
dues as required by the bylaws of that 
chapter or club. 

Section 4. Members and Associate 
Members active with the Chapter-at- 
Large shall contribute to the support of 
the National Organization in such ways 
as may be determined by the Convention 
on the recommendation of the Executive 
Committee. 
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PROPOSED WORDING 


to examine annually the records of all 
Associate Members currently active 
with the chapter and to present to the 
chapter for promotion to membership 
such Associate Members as have shown 
noteworthy achievement as original 
investigators in some branch of pure or 
applied science. Also, any Associate 
Member, as a basis of consideration for 
promotion to membership, may submit 
evidence of research accomplished to 
the secretary of the chapter which 
elected him or to the secretary of the 
chapter with which he is currently 
active. 


ARTICLE XI 


Section 1. (a) The operating ex- 
penses of the National Society shall 
be met to the extent necessary by such 
dues from the Members and Associate 
Members as may be recommended by 
the Executive Committee and author- 
ized by plurality vote of the chapters, 
clubs, and Chapter-at-Large represented 
at the Convention. 

(b) Dues shall be on an annual basis 
except for those Members and As- 
sociate Members, who, by the pay- 
ment of a Life Membership fee, shall 
continue in good standing for life 
without further payment. 

(c) The fee for Life Membership 
shall be voted by the Convention upon 
recommendation of the Executive Com- 
mittee. 

Section 3. Members and Associate 
Members of an institutional chapter or 
club shall pay to that chapter or club, 
either directly or through the National 
Treasurer, at the option of the chapter 
or club, such annual local dues as re- 
quired by the bylaws of that chapter or 
club. 

No comparable Section 4. 
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Experiments in general are performed at some definite source 
impedance level and over some definite frequency bandwidth. 
Noise referred to shorted input as frequently specified does not 
provide meaningful information for acutal experimental applica- 
tions. It is instead essential to know the noise characteristics of 
an amplifier not only at the particular operating frequencies but 
also with the particular source impedances actually encoun- 
tered. Noise figure contours are the loci of points of constant 
noise figure (F) plotted as a function of source impedance and 
operating frequency, and, therefore, provide this complete in- 
formation. They indicate the degradation in signal-to-noise ratio 
obtained with the pre-amplifier at a particular frequency with a 
particular source impedance, input noise being the Johnson noise 
generated by that source impedance at 290 degrees Kelvin. 
The contours are obtained from the following equation: 
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PROPOSED REVISIONS TO BYLAWS 


PRESENT WORDING 
ARTICLE V 


Section 3. Associate Membership. 
Marked excellence in studies as specified 
for eligibility for election to associate 
membership, in Article VII, Section 3 of 
the Constitution, should not require as 
high a level of attainment as the note- 
worthy achievement specified for full 
membership. Election to associate mem- 
bership would normally apply to an 
undergraduate, or a graduate student, 
and would rest upon grades in courses 
and evidence of an aptitude for research. 


Section 2. Full Membership. Note- 
worthy achievement as an original in- 
vestigator in some branch of pure or 
applied science, specified as a criterion of 
eligibility for election to full member- 
ship, in Article VII, Section 2 (a) of the 
Constitution, must be judged on per- 
formance. 


ARTICLE VI 


No comparable Section 3. 


380A 


PROPOSED WORDING 
ARTICLE V 


Section 2. Associate Membership. Re- 
search aptitude specified for election to 
associate membership in Article VII, 
Section 2, of the Constitution is to be 
demonstrated by independent investiga- 
tion ordinarily resulting in a written 
report, which must be made available, if 
requested, to the local Committee on 
Admissions as a basis for selection. 

Section 3. Full Membership. Note- 
worthy achievement in research speci- 
fied for full membership in Article VII, 
Section 3, of the Constitution must be 
based on publications, written reports, a 
thesis, or a dissertation, which must be 
made available, if requested, to the local 
Committee on Admissions as a basis for 
selection. The possession of a doctorate 
or the meeting of requirements for such a 
degree by the nominee, does not, by 
itself, satisfy the requirements for elec- 
tion. Criteria for election of staff mem- 
bers are to be the same as those for 
graduate students. 

Section 4. Statement of Responsibility. 
It is the responsibility of the local Ad- 
missions Committee to select for mem- 
bership those individuals whose research 
aptitude or achievement deserves special 
recognition. Membership in The Society 
of the Sigma Xi is an honor and requires 
discriminating action by the local Ad- 
missions Committee. 


ARTICLE VI 


Section 8. (a) The Committee on 
Publications shall consist of the Editor- 
in-Chief of AMERICAN SCIENTIST as 
Chairman, together with four other 
members appointed annually by the 
President upon recommendation of the 
Chairman. 

(b) It shall be the duty of the 
Committee on Publications to advise 
the Executive Committee on matters 
other than editorial which concern pub- 
lications of the Society. 
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TUNNEL DIODE SWITCHING SIMULATION- 
BY ANALOG COMPUTER 


Circuit and component designers 
find analog simulation a rapid and 
highly creative alternative to costly 
and time-consuming breadboarding. 
The analog computer, containing a 
collection of flexible computing com- 
ponents which can be “patched” to- 
gether, enables you to build a model 
of the system or circuit and simulate 
its dynamic performance. 

The ease of component intercon- 
nection on the computer eliminates 
soldering, stripping, searching or 
waiting for vendors to supply needed 
parts. Inaccuracies caused by fre- 
quency and loading problems, ex- 
pected when making direct measure- 
ments, are avoided. All significant 
variables are represented as time- 
varying voltages which can be scaled 
to be compatible with oscilloscopes, 
X-Y plotters and other recording 
devices. Design changes are accom- 
plished simply by resetting potenti- 
ometers, ending delays in finding 
optimum components. Perhaps most 
significant, investigations beyond the 
state-of-the-art are simplified. The 
designer can “tinker'’ with compo- 
nent values above and below those 
available to determine their practica- 


bility. 
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1000 MC 
Clock Frequency Study 


A typical application is a small an- 
alog computer used to study the 
dynamic behavior of a tunnel diode 
switching circuit at various inputs and 
frequencies. The objectives were to 
determine the maximum clock fre- 
quency (rate of information transfer) 
of the system and to investigate the 
stability of the switching circuit which 
contained two negative resistance 
elements. Experimentation with the 
actual circuit was extremely difficult 
owing to the high frequencies. 





Circuit Showing Reactances 

Solutions on the analog computer 
(obtained in 50 milliseconds) showed 
that the circuit could conceivably be 
operated up to 300 Mc, but preferably 
at 150 Mc—vs. the 1000 Mc rate that 
preliminary paper investigations pre- 
dicted. Use of variable slope/break- 
point diode function generators made 
possible the simulation of the intricate 
tunnel-diode characteristic curve. 
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MAMOMCONGS 
Output Waveshape of Switching Circuit 


In addition to quantitative results, 
the simplicity of introducing param- 
eter changes also permitted rapid 
optimization of conditions and re- 
gions of stability and the investigation 
of trade-off between gain (fan-in/ 
fan-out capability) and frequency. 

This problem is described in detail 


in Applications Bulletin ALAC 6348. 
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EAI has two fully transistorized desk- 
top computers which offer simple 
operation and programming. They 
require no special power or environ- 
ment. The TR-48, a 58-amplifier com- 
puter, is capable of solving complex 
problems involving high-speed repeti- 
tive operation anditerative techniques. 
It is a sophisticated unit operable by 
a researcher or systems engineer with 
a minimum of training. The smaller and 
highly portable TR-20, the ideal start- 
ing computer, is also a successful re- 
search tool, capable of solving many 
problems formerly associated with 
large-scale computers. 


A free computer operations course 
is provided with every TR-20 and TR- 
48 purchase at one of the company's 
computation centers. In addition, EAI 
offers tuition courses in areas through- 
out the country (send for details and 
date of next course). 

Every new owner of an EAI com- 
puter automatically becomes a partic- 
ipant in the growing EAI Applications 
Library, and is eligble to receive simu- 
lation studies pertaining to all cate- 
gories of research and design. 

Send for detailed literature on EAI 
TR-20 and TR-48 analog computers, 
or arrange for a problem-solving 
demonstration in your plant or office 
—at no charge. 
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ELECTION AND PROMOTION OF INDIVIDUALS TO FULL 
MEMBERSHIP IN THE SOCIETY OF THE SIGMA XI BY THE 
CHAPTER-AT-LARGE 


A. Election: 


I. Basis: The policy of the So- 


ciety for such action by the 
Chapter-at-Large is based on 
the knowledge that there are 
some persons who have at- 
tained recognition of their ac- 
complishment in scientific re- 
search “but who have been 
missed in the established pro- 
cedures of the Society, for 
example: 

1. Academic work was done 
at an institution where 
there was no chapter. 

2. Scientific research accom- 
plishments occurred after 
completion of academic 
program. 

3. In exceptional cases, sig- 
nificant research accom- 
plishments may have 
been achieved without 
the benefit of a formal 
advanced scientific edu- 
cation. 

4. Eligibility overlooked by 
the appropriate institu- 
tional chapter Committee 
on Admissions. 


II. Criteria: 


l». A person who is a member 
of the staff or a student of 
an institution having a 
chapter is not eligible for 
election by this proce- 
dure. 

2. The basic criteria for elec- 
tion will be such accom- 
plishments as would jus- 
tify election by an institu- 
tional chapter. 


II. Procedure: 
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1. As the Society’s proce- 
dures do not permit appli- 
cation for membership, a 
person before election 
must be proposed (nomi- 
nated) by two active 
Members of the Society. 

a. Nomination is to be 
made upon standard 
Nomination for Mem- 


bership form obtain- 
able from Executive 


Secretary. 

b. Information called 
for should be com- 
plete. 


2. Executive Secretary will 
prepare and send copies 
of nominations properly 
completed to all members 
of the Committee on 
Membership-at-Large. 

3. Members of Committee 
on Membership-at-Large 
will indicate their approval 
or raise questions by mail 
ballot. 

4. If approval is unanimous 
the nomination will go be- 
fore next meeting of the 
Executive Committee in 
accordance with Article 
VII, Section 2(c) of the 
Constitution. 

5. If not unanimous the 
nomination will be dis- 
cussed at next meeting of 
the Committee on Admis- 
sions for the Chapter-at- 
Large. 

6. The Executive Secretary 
will notify the nominee 
and nominators of the ac- 
tion of the Executive 
Committee. (In the case 
of referral to the chap- 
ter its usual procedure 
will be followed.) In case 
the nomination is not 
considered favorably, the 
nominators only will be 
notified. 


B. Promotion: 
I. Basis: The general basis for 


the promotion of Associate 
Members to (Full) member- 
ship in the Society will be: 

1. The research work of a 
nominee done after his 
election to associate 
membership is of such a 
quality and amount that 
he is considered eligible 
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for election to (Full) 
membership, even if the 
nominee is not now ac- 
tively pursuing independ- 
ent research work. 

2. The nominee has been 
and now is engaged in re- 
search work of a quality 
and extent that is con- 
sidered by the Committee 
to justify his election to 
(Full) membership. 

II. Criteria: 

1. Associate Members who 
are either staff members 
or students at institutions 
having chapters, and As- 
sociate Members actually 
affliated with institu- 
tional chapters, will not 
be processed for promo- 
tion by the Committee on 
Admissions for the Chap- 
ter-at-Large. 

2. The basic criteria for pro- 
motion will be such ac- 
complishment as would 
justify promotion by an 
institutional chapter. 

II. Procedure: 

l. An Associate Member 
before promotion must be 
proposed (nominated) for 
this advancement by two 
active Members of the 

e Society. 

a. Nomination is to be 
made upon standard 
Nomination for Mem- 
bership form obtain- 
able from Executive 
Secretary. 

b. Information called 
for should be com- 
plete and nominators 
should indicate on 
form basis upon 
which nominee was 


originally elected to 
associate membership 
as well as subsequent 
data in support of 
promotion. 

2. Executive Secretary will 
prepare and send copies 
of nominations properly 
completed to all members 
of the Committee on 
Membership-at-Large. 

3. Members of the Committee 
on Membership-at-Large 
will indicate their ap- 
proval or raise questions 
by mail ballot. 

4. Nominations receiving 
notes of disapproval will 
be reviewed in meetings of 
the Committee. 

5.If a nomination is not 
considered favorably, the 
Executive Secretary will 
notify the nominators, 
when this can appropri- 
ately be done, of the rea- 
sons why the nomination 
was not considered favor- 
ably. 

6. In the case of a promotion 
approved by the Com- 
mittee, the Executive 
Secretary will notify the 
nominee, with copies to 
the nominators. 

C. Initiation : 

Initiation shall be in accordance 

with Article IX, Section 2(b) of 

the Constitution. 
D. Public Announcement: 

1. American Scientist will be re- 
quested to report the election 
and promotion of Members 
by this procedure. 

2. A press release will be made to 
proper media in each case of 
election and promotion by 
these procedures. 


ELECTION AND PROMOTION OF INDIVIDUALS TO 
MEMBERSHIP BY THE CHAPTER-AT-LARGE 


As Chairman of the Committee on 
Membership-at-Large, it is my pleasure 
to announce that under the provisions of 
Article VII of the Constitution, the 
Chapter-at-Large has promoted seven 
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Associate Members to full membership 
and, with the approval of the National 
Executive Committee, has elected eight 
individuals to full membership. 

The promotions were as follows: 


Henry Lee Berryhill, Jr. 
U.S. Geological Survey 
Denver, Colorado 


Badi Mansour Boulos 
University Medical Center 
Columbia, Missouri 


Janusz Antoni Brzozowski 
University of Ottawa 
Ottawa, Canada 

Delos Barker Churchill 
Sperry Gyroscope Company 
Great Neck, New York 

Henry Howard George 
Tube Turns, Division of Cheme- 

tron 

Louisville, Kentucky 

Leon Lorraine Hopkins, Jr. 
Food and Drug Administration 
Rockville, Maryland 


Wayne Albert Stenback 
College of Medicine 
Baylor University 
Houston, Texas 
Those elected to full membership were: 
Sanford Howard Ehrlich 
Air Products and Chemicals, Inc. 
Emmaus, Pennsylvania 


Martin Irwin Goldenberg 
U.S. Public Health Service 
Communicable Disease Center 
San Francisco, California 


Dennis Howard Howling 
Ledgemont Laboratory 
Kennecott Copper Corporation 
Wayland, Massachusetts 


Stanley Buel Martin 
U.S. Naval Radiological Defense 
Laboratory 
San Francisco, California 
Thomas Phillips O’Barr 
U.S. Department of Agriculture 
Beltsville, Maryland 
Vincent John Sawinski 
School of Dentistry 
Loyola University 
Chicago, Illinois 
Meikyo Shimizu 
Kaiser Foundation Research In- 
stitute 
Berkeley, California 
Graham Minor Sterritt 
University of Colorado Medical 
Center 
Denver, Colorado 
The criteria and procedures, under 
which the Committee on Membership- 
at-Large acts as a Committee on Admis- 
sions for the Chapter-at-Large, were 
published first in the September 1964 
issue of the AMERICAN SCIENTIST, and 
again in this issue, page 382A. 
James H. Marks, Chairman 


THE SCIENTIFIC RESEARCH SOCIETY OF AMERICA (RESA) 
PROCEEDINGS OF THE SIXTEENTH ANNUAL CONVENTION 


October 6, 1964, New York City 


The Sixteenth Annual Convention of 
the Scientific Research Society of 
America, RESA, was held in the Green 
Room of the New York Hilton, New 
York City, on October 6, 1964. The 
Chairman, Doctor W. E. Hanford, called 
the meeting to order at 2:10 p.m. The 
roll call, from the reply cards received 
from branch officers in response to the 
formal notice of the Convention, showed 
the following delegates present: 


Natick Laboratory: Dr. Harold Hoge 
- Communicable Disease Center: Dr. 

Helen Casey, Dr. Max Moody 

Naval Applied Science Laboratory: 
Dr. Walter L. Miller 

Texaco Research Lab: Dr. Louis 
Roess, Dr. Richard Meyers, Dr. 
John Nolan 


Ford Motor Company: Dr. E. C. 


Melrvine 

System Development Lab: Dr. A. A. 
Gafarian 

ESSO Research Club: Dr. J. E. Shew- 
maker 


In addition to these delegates there 
were present: T. T. Holme, Leo Flexser, 
W. O. Baker, J. F. Weiffenbach, J. W. 
Copenhaver, D. L. Benedict, F. Rossini, 
and D. Young of the Board of Gover- 
nors. 

The minutes of the Proceedings of the 
Fifteenth Convention had been mailed 
to the branches and published in the 
March 1964, issue of AMERICAN SCIEN- 
TIST. No additions or corrections having 
been received, on motion it was 

VOTED: to approve the minutes of 
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the Fifteenth Convention as printed. 

The Chairman reported that the 
Procter Award for 1964 would be pre- 
sented to Dr. Hugh S. Taylor at a 
dinner that evening in the Mercury Ball- 
room of the Hilton Hotel. Doctor Tay- 
lor’s address would be on ‘Academia 
and Industry, Their Mutual Influence.” 
Delegates who had not already made 
reservations were urged to attend. 

The Director reported the following 
branch installations since the Fifteenth 
Convention: Wyandotte Chemical Cor- 
poration at Wyandotte, Michigan, on 
January 23; Kirtland Air Force Base at 
Albuquerque, N.M., on April 1; Dayton 
Air Force Base at Dayton, Ohio, on 
May 7; System Development Corpora- 
tion at Santa Monica, Calif., on May 8; 
Magic Valley at Twin Falls, Idaho, on 
June 11; Thomas J. Lipton at Engle- 
wood Cliffs, N.J., on June 17; Central 
Texas Research Society at Temple, 
Texas, on June 23. 

The following branches have been 
approved and await installation: Bolling 
Air Force Base, Washington, D.C.; 
AmChem Products, Ambler, Pa.; 
Hughes Aircraft Company, Fullerton, 
Calif.; Picatinny Arsenal, Dover, N.J.; 
U.S. Rubber Company, Wayne, N.J.; 
Westinghouse Electric Corporation, Bal- 
timore, Md.; Xerox Corporation, Roch- 
ester, N.Y.; Youngstown Steel & Tube 
Company, Youngstown, Ohio. 

The Dire¢tor reported that the two 
meetings of the Board of Governors 
required by the Constitution of the 
Society had been held on March 11 and 
October 6 with good attendance. Min- 
utes of these meetings are sent to branch 
officers. 

The Treasurer reported that the 
Society’s fiscal year is the calendar year 
and that an audited financial report for 
1964 would be published in the March 
1965, issue of AMERICAN SCIENTIST. An 
interim estimate indicated a small op- 
erating balance in the black for the year. 

The Director reported a request from 
the Board of Governors that the author- 
ity to take final action on petitions for 
membership, both individual and group, 
be extended by the Convention to the 
Board for another year. The Constitu- 
tion requires that all petitions for group 
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charters, approved by the Board, shall 
be submitted to the next convention for 
action. This could lead to prolonged 
delay, nearly a year, for example, for a 
petition received soon after a convention 
has been held; and this might discourage 
a petitioning group. By extending au- 
thority to the Board only on a year-to- 
year basis, the delegates retain control of 
the situation. This plan has been in 
effect since the Society was founded. 
On motion it was 

VOTED: that authority to take final 
action on petitions for membership, both 
group and individual, be extended to the 
Board of Governors until the next con- 
vention. 

The Board at its morning meeting had 
tentatively approved a budget for 1965 
based on a continuation of present fees; 
therefore, on motion it was 

VOTED: to continue the present scale 
of fees through 1965. 

These fees are: annual assessment per 
member—$2; first year fees for new 
members—$1 for an active member of 
Sigma Xi whose assessment to that 
Society covers a subscription to AMER- 
ICAN Scientist, $2.50 for an inactive 
member of Sigma Xi, $3.50 for an 
entirely new member not a member of 
Sigma Xi, $25 for a club charter, $50 
for a branch charter, and $50 for a life 
membership. 

At the morning meeting of the Board 
of Governors, Doctor Hanford and 
Doctor Prentice were elected for one- 
year terms commencing July 1, 1965, as 
Chairman and Director-Treasurer re- 
spectively. 

The Nominating Committee (Messrs. 
Starr, Coppoc, and Flexser) proposed to 
the Convention the names of D. L. 
Benedict, J. W. Copenhaver, and H. 
Heinemann for three-year terms on the 
Board of Governors commencing July 1, 
1965. They were duly nominated, and 
there being no other nominations, on 
motion it was 

VOTED: to elect Messrs. Benedict, 
Copenhaver, and Heinemann to three- 
year terms as members of the Board of 
Governors commencing July 1, 1965. 

The new member-elect will be entitled 
to attend the March meeting of the 
Board. 


Molecular weights of both natural and syn- 
thetic polymers are completely character- 


ized in shorter times than ever before, 
with Mechrolab’s expanded line of in- 
struments. All Mechrolab molecular 
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weight instruments offer automatic control, 
increased ease of operation, reliable per- 


formance, short-term readings, and 
wide range of both operating tem- 
peratures and molecular weights. 
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The new improved Model 42.000 Light Scattering 
Photometer measures size, shape, mass, and sol- 
vent-solute interaction of macro-molecules. A goni- 
ometer unit, carrying the scattered light beam and 
photo-multiplier tube, can be rotated electrically 
between 0° to 180°. Fine sensitivity, wide tempera- 
ture range, and broad molecular weight range com- 
bine to make this a productive and versatile 
laboratory instrument. 


For complete descriptive information on Mechro- 
lab’s advanced instrumentation for increasing labo- 
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In the absence of Doctor McKusick, 
RESA representative on the Sigma Xi- 
RESA Lecture Committee, Mr. Holme, 
Executive Secretary of Sigma Xi, re- 
ported on the plans and operations of the 
lecture program. As soon as a speaker 
has agreed to a tour in one of the nine 
regions, notices will be sent to all RESA 
branches in the area and dates assigned 
on a first-come first-served basis. 

Doctor Taylor, Editor-in-Chief of 
AMERICAN Scientist, had not arrived 
so Mr. Holme reported on this major 
activity of Sigma Xi and RESA. Statis- 
tics were given on the size of issues, etc., 
and it was stated that 106,000 copies 
(September issue) is about the limit of 
run on type and that the use of a rotary 
press in the near future is indicated. 
This change would require an enlarge- 
ment of page size which might be a dis- 


advantage in some ways to the reader 
but an advantage for our advertisers. 


The Chairman asked the delegates 
for information on branch operations 
and for suggestions as to ways in which 
the central office could be more useful. 
One suggestion was made that agenda 
for the convention be mailed ahead of 
the date. This is required if any amend- 
ments to constitution or by-laws are to 
be considered and will be made general 
practice. The questions of increasing 
attendance at the convention and of a 
satisfactory date were raised by the 
Chairman, but no recommendations 
were proposed by the delegates. 


There being no new business, the 
meeting was adjourned at 3:20 P.M. 


Donald B. Prentice 
Director 


AN OPERATIONAL VIEW 
By HUGH SKILLING 


In these days we often speak of 
models. Scientists and engineers work 
with models, and by models we may 
mean anything from a conceptual model, 
which is an idea, or a mathematical 
model, which is an equation, to a plaster 
of paris model. 

We hear about the Bohr model of the 
atom, or perhaps about other more 
sophisticated models. These are con- 
ceptual models, and they can perhaps be 
put down in mathematical form and 
become mathematical models. We hear 
about Newton’s laws, which are mathe- 
matical models of mechanics, and we 
know that Einstein has improved on 
Newton’s models by slight alterations 
that are important at relativistic speeds. 

Models, of course, are based on ob- 
servations. They are generalizations of a 
number of observations and measure- 
ments. All of our models—those of elec- 
trical behavior, of mechanics, of light, of 
heat, and any others—are generaliza- 
tions of observations. This is by defini- 
tion, for this is what seems to be meant 
by a model. It is very fortunate, by the 
way, that models can be conceived, for 
though we knew ever so many separate 
facts, as observed, but had no general- 
izations to work from, it is doubtful that 
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we should be able to advance very much. 

A model can be a theory, or a law, or 
a relation, or a hypothesis, or an equa- 
tion, or a rule. We think of models 
having various degrees of probability; 
those called laws, like Newton’s laws, 
are pretty likely to be dependable, 
whereas some new hypothesis that I have 
just invented is only a tentative model 
and is highly speculative. We have a 
good deal of confidence in a model that 
has been dependable through the ages. 
Newton’s law of force and acceleration, 
for instance, has turned out to be right 
so many times that we willingly and 
literally risk our lives on our belief that 
it will continue to predict correctly what 
will happen next time it is used. It has 
been tried millions of times, and it has 
never failed once that I know of, except 
at quite high velocities; therefore I have 
great faith in it. 

To move to the opposite extreme, I 
have considerably less faith in a new 
theory or model of the nucleus that tells 
of the structure of nuclear particles. 
This nuclear model is in a publication of 
last February, and I think it is not 
accepted by a good many physicists. 
I should say that its probability is not 
high. My faith in it is less. 


Standard and Special Superconducting 





Magnion offers a broad range of 
standard and custom-designed super- 
conducting magnets and magnet sys- 
tems. For most applications, we rec- 
ommend that the superconducting 
solenoid be specially designed to 
meet the specific experimental re- 





Double-ended access, room-temperature working volume 
superconducting magnet system. 


quirements. There is neither a price 
premium nor a delivery delay for this 
service. Typical delivery time for 
“custom designed” or ‘“‘standard 
solenoids” is 30 days. 


SPECIAL SYSTEMS 

Among the special systems de- 
signed and built by Magnion are 
superconducting solenoids compen- 
sated to increase the region of field 
uniformity, special systems with the 
high-field volume isolated from the 
liquid helium environment, special 
systems for radial accessibility and 
transverse fields, and superconduct- 
ing magnets with special iron struc- 
tures for increasing the magnet’s 
field, field shaping or improving 
uniformity. 


Room Temperature Access Systems — 
Magnion double-ended access super- 
conducting magnet systems (see 
Figure 1) provide a high degree of 
flexibility where room-temperature 
working volumes are required. The 





Special iron-core superconducting solenoid for high fields 
at low cost. 


system shown here is vertically 
oriented with ambient temperature 
access from both top and bottom. 


Cryoflux Iron Core Superconducting Solenoids 
— The typical system shown in 
Figure 2, achieves a peak field of 75 
kilogauss in a working volume of 
1% inch diameter by 14 inch length. 
The groove shown on the side of the 
pole face provides access to the 
working volume. Without the re- 
movable iron structure, the solenoid 
has an inside diameter of 144 inches 
and achieves a peak field of 45 
kilogauss. 


Compensated Systems — For the highest 
field uniformity, coil compensation is 
required. At 40,000 gauss a Magnion 
compensated 1% inch bore coil pro- 
vided a uniformity of 5 parts in 105 
over a 34 inch diameter spherical 
volume, and 5 parts in 10* over a 
2% inch axial length. Even for appli- 
cations with routine uniformity re- 
quirements coil compensation should 
be considered since it frequently can 
reduce coil size and cost by a major 
factor. 


Vacuum-Chambered Working Volumes — 
Several systems have been delivered 
in which the solenoid bobbin was 
designed as a vacuum chamber to 


MAGNETS AND MAGNET SYSTEMS 


provide a working volume at pres- 
sures of less than 1 micron. Hermeti- 
cally-sealed electrical feedthroughs 
supply contacts for solenoid and 
experiment leads. 





Typical Cryoflux superconducting magnet system. 


Cryoflux Cryogenic Systems — These are 
complete superconducting magnet 
systems, including dewar, header, 
current source, control unit and 
cryogenic bench. Standard Cyroflux 
systems afford controlled operation 
at temperaturts from 4.2°K to 
1.5°K. Magnion also offers a com- 
plete selection of Cryoflux accesso- 
ries, including standard and custom 
dewars, power sources, liquid helium 
level indicators, fore pumps, mano- 
stats, stands, hoists and helium trans- 
fer tubes. For further information on 
standard and custom superconduct- 
ing magnets and special cryogenic 
equipment write  ..Magnion, Inc., 
144 Middlesex Turnpike, Burlington, 
Mass. 01804. Tel. (617) 272-5200 





HARVEV-WELLS 


MAGNION, INC. 144 Middlesex Turnpike, Burlington, Mass 
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The important thing is that models, 
whether they are mathematical or con- 
ceptual or whatever, are not infallible. 
A good model is a good approximation of 
observed data, but it is not exact. Al- 
most any generalization is an example 
of this; the ordinary rules relating tem- 
perature and electrical resistance are an 
illustration. Also, models have a limited 
range over which they are intended to 
apply; think pf Hooke’s law for elastic 
solids for instance. And models do not 
include all details that can be observed; 
their value as generalizations is in 
getting rid of obscuring detail. Newton’s 
laws, if we return to them again, con- 
sider friction absent, and so they should, 
and yet friction cannot be avoided in 
anv laboratory experiment. 

Models need revision now and then. 
When more data are available, perhaps 
a model can be improved. Rutherford’s 
atomic model was improved in Bohr’s 
atomic model, and this in turn has been 
still further improved. Even Newton’s 
laws were improved by Einstein after a 
couple of centuries. 


Sometimes it is not a matter of im- 
proving but of completely remaking a 
model. Our ancestors’ conceptual model 
of a world that was flat has given way 
to our own concept of a spherical world. 
And, of course, for some purposes the 
model must be even more exact than a 
sphere; perhaps a prolate spheroid or 
something better. 


Really, what I know, what I have in 
my mind, is my own collection of con- 
ceptual models. Am I going to the 
District of Columbia? I run over in my 
mind my mental model of Washington. 
My mind contains a mental model of 
Washington, for I have been there 
before, and I have seen maps, and I have 
heard the city talked about. My model 
is limited, however, inaccurate, and 
quite incomplete in detail, for I have 
not been to Washington for several 
years, but still it is useful. It helps me 
go from place to place. I can see from 
my model that if I turn up Pennsylvania 
Avenue I shall soon pass the White 
House. And so, in fact, I do when I try 
it. My model passes the test of predicta- 
bility. It tells me that if I do something, 
something will happen. And it does. 
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This is what models are for, I suppose. 
A model is a thing of beauty no doubt, 
but it is more than that. It can be a 
useful thing when it tells me that if I 
do something, something will happen. 
My mathematical model of Ohm’s law 
tells me that when I connect a voltmeter 
across a resistance F carrying current 7, 
the reading on the voltmeter will be 
equal to Ri. And so it is; my mental 
model has predicted correctly. 

My mental model of this building tells 
me that there is a desk just beyond that 
door, and if I step across and open the 
door I shall see the desk. This I accept. 
I say this is true, and by saying “true” 
I mean that the probability of the 
prediction is really very high. 

A “certainty” is something in which 
I have tremendous faith. I see a chair on 
the other side of the room. I say it is 
“certain” that if I were to step across 
the room I could sit on the chair. I do 
not really think that there is any illusion 
involved. I do not think I am dreaming. 
I do not believe that drugs have given 
me any kind of a hallucination, or that 
hypnotism is affecting me, I am per- 
fectly willing to go sit on the chair with 
no expectation of landing with a thud 
on the floor. Why, I see the chair with 
my own eyes, 

In this mental model of a chair I have 
great faith. And yet it could be wrong. 
What my mind knows is the mental 
model. This is brought by nerves, or so I 
believe, that are actuated by my eyes, 
as I understand the matter. In hundreds 
of trials, indeed thousands, and perhaps 
millions, I have been right in believing 
that my eyes reported such things 
correctly. Of course, there have been 
occasional misapprehensions when I be- 
lieved my eyes and then found that 
things were not what I expected—or 
when I believed what I thought I saw, 
but was wrong. A dream, perhaps, or 
just a mistake. Anyway, there have been 
times when the prediction of what would 
happen based on what I thought I saw 
was not good. 

I have a good deal of faith, though, in 
what I think I see. The probability is 
high that if I see a table, and I set some- 
thing on that table, the thing will remain 
there where I expected that it would. 
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The predictability of my mental image 
is good. 

Perhaps my most dependable mental 
models are built like this on what my 
mind tells me that I see, or hear, or feel 
with my fingers, or otherwise have 
brought in through the nervous system 
of my senses. However, I give a great 
deal of credence, too, to beliefs based on 
observations by other people, on author- 
ity. My own senses have never told me 
that the water of the Mississippi River 
is fresh water; I have never tasted the 
Mississippi water, or tested it. Yet I 
should be greatly surprised if I tasted 
it some day and found it salty. This is 
only one of countless examples in which 
I give practically as much belief to what 
I accept on authority as to what I 
accept from personal observation. I have 
never measured the radiation pattern 
of an antenna; I have never traveled by 
rail across Australia; I have never 
computed the orbit of Venus; I have 
never seen an iceberg—yet I believe I 
know something about each of these. 
Perhaps the instances in which I accept 
authority are even more numerous than 
are those of personal observation. 


It is essential to what I am saying 
that my mental models, from whatever 
source they come, are never absolutely 
infallible. I believe in them, yes, and I 
act on my belief in them, and by doing 
so I get alohg happily. This, I think, is 
the essential point. 

If I refuse to believe in what my eyes 
tell me is a tree right in front of me, and 
if I persist in walking straight ahead 
anyway, it seems highly probable that 
I shall very soon experience the feeling 
of a bump on the nose. The probability, 
I think, is high. 

So there is some degree of probability 
associated with every one of my mental 
models. The probability is high that if 
I move a certain switch, a certain light 
will go on. The probability is fair that 
if I go through a certain series of actions 
my car will start. The probability is low, 
I think, that if I walk and watch the dip 
of a hazel rod I shall find underground 
water. 

Everyone will agree, I think, that it 
is reasonable to relate some degree of 
probability with a law of physics. We 
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are quite accustomed to think of the 
probability of a physical law being right. 
Such a probability may be extremely 
high. Possibly, Faraday’s law of induc- 
tion has been tried ten thousand times 
and has always been found to be right. 
Let us suppose so; suppose that it has 
never given the wrong answer. Its proba- 
bility is extremely high. Still, the 
number of trials has been finite, and so 
its probability is finite. The probability 
that Faraday’s law will give the correct 
answer next time is surely very, very 
high—but finite. 

There seems to be no reason for not 
including in this same consideration the 
mental models that are based on what 
my senses tell me. The probability of a 
correct interpretation of what I see, I 
feel, I hear (or more accurately what I 
believe that I see, or feel, or hear) is high, 
no doubt tremendously high—but finite. 


What with one thing and another, I 
have various degrees of confidence in my 
various mental models, ranging from a 
rather weak belief in some speculative 
models, through a firm faith in other 
beliefs, to a confidence that I call ‘“‘cer- 
tainty.” I say that I am certain that 
chair is there, for I can see it. What I 
mean is that I surely think it is there; 
the probability is exceedingly high. I 
have a number of words that mean high 
probability, such words as “I am cer- 
tain,” or “I am sure,” or “I know.” 
When I say these phrases I mean that 
I have seldom if ever known an excep- 
tion to something, that I consider an 
exception highly unlikely. Yet my ex- 
perience, and all the experience on which 
I am counting, is finite, and is in some 
ways limited. 

Can I be completely sure of anything, 
with perfect assurance? It seems that 
I know with complete certainty that I 
am thinking, and that my mind exists. 
Everything else is what I am thinking 
about. I believe something; I trust it. I 
have faith in it. Perhaps I have very 
great faith. For example, I believe that 
you exist. But as far as I am concerned 
you are really just my mental image. 
Perhaps I am yours, too. I hope so. 

But this is extreme, and reminds one 
of Solipsism. Let us return, rather, to 
the more practical matter that to my 


mental models, my thoughts, ideas, and 
concepts, I attach a sort of price tag that 
tells how much I trust them. Some I 
trust, as I have said, literally with my 
life. In others I have considerably less 
faith. I can easily think of examples and 
could mention various illustrations to 
cover the entire range of confidence from 
what I call “things I know,” through 
“things I believe,” to what I call “things 
I accept tentatively, dubiously.”’ 

The great value to me of this way of 
looking at my beliefs is that I do not 
expect too much of them. I see that 
every mental model has its limits. 
Whether it is my mental model of the 
solar system, or of Washington, D.C., 
or of that chair, it is based on finite 
observations. The chances may be a 
thousand to one that if I act on the 
assumption that my mental model is 
correct I shall find the results are what 
I expect, or ten thousand to one, or a 
million to one. Still, the chances are not 
beyond the number of times that the 
trial has been made, and surely this is 
the very highest estimate of probability 
that can be assigned, disregarding such 
possibilities as mistake, misapprehen- 
sion, misunderstanding, or misinterpre- 
tation. 


There is also to be considered the 
range of applicability of a model. The 
observations on which my mental model 
is based, whether they are my own 
observations or those of others that I 
accept, are surely limited in various 
ways, and I am not troubled when one 
of my mental models needs revision. 
The physicist of a century ago had faith 
in Newton’s laws, but I hope his faith 
was not so great that he believed in 
their perfection even under untried 
circumstances. I hope he did not close 
his mind to the possibility of their 
revision when relativistic speeds became 
important. 


No doubt one of my ancestors (and 
not too remote, either) had faith in his 
mental model of an earth that was flat. 
Surely his flat model had served him 
well on every single occasion when he 
had need of it. I hope he was not too 
troubled when the time came that it 
failed; when, perhaps, the sight of a 
distant ship receding below the horizon 


failed to agree with his flat model, and 
some kind of a change was required. 
His model was splendid for short dis- 
tances, but it was limited. As a matter 
of fact, even now I use a flat model when 
I think of a trip across the city, though I 
must think of a round model if I plan a 
trip to Japan. 

So it is a relief to me that I do not 
have to suppose that my mental models 
must hold true to the utmost bounds of 
space or time. What, indeed, is the 
utmost bound of space?—or of time? 
I do not know, and I am satisfied to say 
that 1 do not know. My mental models, 
my concepts, are not so unlimited. I do 
not expect them to be unlimited and, 
indeed, I think they probably cannot be 
unlimited. I do not feel any grief in 
recognizing that there are things I do 
not know, things I cannot know, and 
even paradoxes and inconsistencies 
among my models that I cannot set 
straight however hard I think. 

I have suggested that the ability of a 
model to aid prediction is an indication 
of its worth. Suppose I want to go out- 
doors. My mental model of this building 
is valuable if, by its aid, I can walk in a 
certain direction, open a door, turn a 
corner, and find myself outdoors indeed. 
But this is perhaps a special case of a 
broader principle of the worth of models. 

Perhaps a mental model is a desirable 
one to hold if it leads to good and wise 
results. If I want to go outdoors, the test 
of a good model is simple enough. A good 
model will show me what to do to go 
outdoors. But suppose I want to go to 
heaven, from which, we are told, no 
traveler returns. The ability to predict. 
will not serve; it cannot be applied. It 
seems that I must now consider a model 
of heaven and the way to get there by 
asking myself the question, “Do I really 
think it is wise to accept such a model?”’ 

Then, if I can say that the people who 
accept such a model are, on the whole, 
better off than another group of people 
who reject it, I will surely be wise to 
accept the model and add it to my collec- 
tion of things I believe. Thus I find I am 
willing to say that a good model is one 
that it is wise to accept. 

When I discussed these ideas with 
various people I was rather surprised, 
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although I suppose I should not have 
been, to find that objection came chiefly 
from the religious point of view. I had 
supposed it would be the other way; I 
had thought that this operational view, 
that gives the same validity to my 
religious ideas that it gives to my sup- 
posedly more mundane ideas of geog- 
raphy, say, or electricity, would be 
welcome. But it turned out to be not 
enough. I remember one man in partic- 
ular; he belonged to a small but perfectly 
respectable sect. He required an absolute 
validity of religious teachings, so that 
the good people in the world could say 
to the bad people, “This is the truth. 
This is what you must believe and what 
you must do.” I can see his point, and I 
recognize his view, and sympathize. Yet 
how do I know that he is not mistaken? 
Surely he could say, “My own experi- 
ence, and that of others as far as I know, 
indicates that good things are likely to 
happen to people who do such-and-such, 
and bad things to people who do so- 
and-so.’’ Thus, he may conclude that a 
group of people with certain religious 
beliefs are, on the whole, better off than 
another group of people with different 
ideas. With this I can agree. But if he 
wants to go further, I must confess that 
I find myself unconvinced. 

Another moral objection to the op- 
erational, view is easily overcome. “Do 
you mean to say,” I am asked, “that we 
can believe what we like?” The answer 
is no, certainly not. I must believe what 
I consider it good to believe, wise to 
believe. This is not at all to say that, for 
the sake of ease or pleasure, I believe 
what I like. What I should like in that 
light sense, and what I consider good 
and wise, may be worlds apart. I might 
like to steal, or to cheat, yet I might 
consider such behavior to be neither good 
nor wise. 


Surely no man can do better than to 
accept what he considers to be a good 
and wise belief. Can any religion show a 
better way? 


There is an interesting corollary to 
this view of mental models. Suppose it is 
true that what I know consists of the 
ideas, the concepts, the mental models 
within my mind—and this I really can- 
not doubt. Suppose I find, as indeed I 
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do, that these mental models are helpful 
to me, and that they guide me in all I 
do. Suppose I say that certain of my 
mental models guide me always, or 
nearly always, as I want them to do. 
Can I then consider that these mental 
models are close approximations of what 
is really and objectively true? This sug- 
gestion seems to need consideration. 

What could I mean by “really and 
objectively true?” These words seem to 
refer to a universe external to me, ex- 
ternal to my mind, to which I hope my 
mental models will approach if they are 
sufficiently refined. Now why should I 
believe in such an external universe? 
Why should I believe in the “reality” 
of an atom, or a table, of an x-ray, or a 
chair? What is this “reality?” 

I talk and act and live as if I believed 
in the reality of a universe simply be- 
cause it is tremendously helpful to me so 
to believe. If I were to act as if things 
about me had no reality, I fear that life 
would be uncomfortable and uncertain 
as I bumped into tables and tripped over 
chairs in which I did not believe. There- 
fore, I do indeed believe in what I choose 
to call the world of real things. It leads 
to successful predictions to guide me, 
and I consider it wise. Yet this belief in 
a universe of real things is merely a 
belief. It is a belief with high probability, 
certainly, but a belief none the less. I 
take the universe on faith; it would be 
unwise, I think, not to do so. 


Indeed, it is very hard for me to give 
up the concept of reality. I am still 
inclined to say of a concept, “But is it 
really true? Is the nucleus of an atom 
really like this? Is it really true that the 
path of light curves in a gravitational 
field? Is it really true that space is finite 
but unbounded?” These are questions 
that I had better not ask. 


Let me ask instead, “Shall I accept 
that the nucleus of an atom is like this? 
Is it well to consider that the path of 
light is curved in a gravitational field? 
Is it wiser for me to consider that space 
is finite though unbounded?”’ Is not this 
enough? Is not this, in fact, all that is 
possible? 

This operational view of ideas is not 
hard to accept on the plane of scientific 
theories. It is increasingly harder as we 
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deal with more common models. Yet 
there seems to be no line of partition at 
which one would stop (and hence the 
operational view is not Pragmatism). 
I can see no boundary beyond which 
ideas are beliefs, while short of the 
boundary they are facts. I can see only 
beliefs at all levels; beliefs with prob- 
abilities. 

Finally, then, if these propositions are 
acceptable, and if you agree that what 
I know is withit my own mind, and that, 
in acting on my beliefs, it is wise for me 
to accept some ideas and reject others, 
is there anything to be said by way of 
summary? Can I put it all in a few 
words? That I cannot; but I should 
nevertheless like to suggest, though it 
becomes more than a little cryptic, that 
in my opinion one can do no better than 
to believe what he believes it is good to 
believe. Can you say otherwise? 


CHINESE CHARACTERS 

In a letter to Chemistry and Industry, 
August 8, 1964, Dr. A. E. R. Westman 
of the Ontario Research Foundation, 
43 Queen’s Park Crescent East, Toronto 
5, Canada, called the attention of the 
Editor to his impression that the organic 
formulae printed by the journal could 
be interpreted as a new form of Chinese 
writing. Specifically Formula II could be 
the character for a boy with a pea- 
shooter and XIV and XV could be 
entitled “but the villain still pursued 
her.” 


Q Br 


O Br 


II 
Boy with a pea-shooter 


R’ 
CO:R 
ag e COR X 
hd 


XIV-XV 
“But the villain still pursued her” 


In response to an inquiry from 
AMERICAN SCIENTIST Dr. Westman has 
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provided us with three more examples 
of his “Chinese Characters,’ on this 
occasion from Communications to the 
Editor, Chemistry and Industry, August 
22, 1964, page 1491. The characters in 
question he labels respectively: 


Cl Cl 
J Mie 
O M Cl 
Cl 
I 
Skipping Rope 


Cl 
C 


l 
CI 
Cl Cl 


II 
Hair Curlers 





III 
Dancing Cheek to Cheek 


LETTERS TO THE EDITOR 


GENTLEMEN: 

The very enlightening article by Pro- 
fessor L. B. Slobodkin entitled “The 
Strategy of Evolution” (September 1964) 
contains an interesting fallacy, made all 
the more interesting since his concern 
with games overlaps with a dominant 
theme in the lead article in the same issue 
by Professors Simon and Newell. 

Professor Slobodkin writes on page 
348, 


Consider the analogies that are 
possible between evolutionary proces- 
ses and changes on the one hand and 
games on the other. For example, 
imagine a group of non-chess playing 
observers at a tournament of mute 
chess players. It would be possible for 
such a group of observers to determine 
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the rules of the game fairly readily by 

simply observing the players. 

It seems to me, because of the induc- 
twe nature of the situation, that one 
could not in principle (and a fortiori 
could not in practice) be sure of acquir- 
ing the rules for chess by just passively 
watching chess games. E.g., how would 
one be sure that a move didn’t exemplify 
a strategy rather than a rule of the 
game? What distinguishes a strategy 
from a rule? Might not an “inductive 
learner” think*mistakenly that certain 
moves are illegal according to the rules, 
when actually they are quite legal, but 
chess lore weights them worthless as 
a strategy? Similarly, a much used 
strategy might be mistaken for a rule to 
be obeyed by the most intelligent purely 
“inductive learner.” For lack of infor- 
mation it seems that an “inductive 
learner” has no ‘decision procedure” 
to distinguish between a rule and a 
strategy. Games between “inductive 
learners” most likely have to be supple- 
mented with metarules ormetastrategies. 
These would, e.g., penalize a player who 
confused a rule with a strategy or vice 
versa. 

Unless Im mistaken, the preceding 
argument holds for the “games” of life, 
science, and possible even mathematics. 

Sincerely yours, 
ALBERT A. MULLIN 
Lawrence Radiation Laboratory 
Untversity of California 
Livermore, California 


In reply, Professor Slobodkin writes: 


Dr. Mullin is certainly correct in 
saying that a universally beneficial 
strategy cannot be operationally dis- 
tinguished from a rule by an inductive 
process. 

This does not invalidate the general 
argument of my article since the distinc- 
tion between a rule and a strategy that 
is followed as regularly as if it were a 
rule is only of interest in discussing the 
original intent of the game’s inventor. 

There is however an interesting point 
implicit in this criticism. By hypothesis, 
the whole apparatus of living organisms 
has evolved by the same process of 
maximizing flexibility. 

In particular, the system of biochem- 
ical processes common to all organisms 
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must have arisen in competition with 
alternative systems with flexibility as a 
major contributor to its success. 

In any case, the game analogy, like any 
analogy is useful only until it has pro- 
vided insight into our central problems 
and may best be discarded once that, 
insight has been gained. 

Yours sincerely, 
L. B. SLOBODKIN 
Department of Zoology 
The University of Michigan 
Ann Arbor, Michigan 


“MESSAGE FROM A MEMBER OF 
THE COMMITTEE ON MEMBER- 
SHIP-AT-LARGE”’ 

At a recent meeting of our Committee, 
one of the members recalled an experi- 
ence that is a good illustration of the 
type of problem this Society faces. 
Riding the train east he was talking 
with several doctors who had been 
affiiated with the Society at one time 
or another in the past but who now indi- 
cated they had lost touch with it and 
were unaware of what an active partic- 
ipating association could mean to them, 
to the Society, and to the country. 

For years Sigma Xi has been con- 
cerned about precisely this question. 
Literally thousands of highly competent 
people have left school and lost their 
interest in affiliation. There has been no 
way to promote Associate Members to 
full membership, or to add new Mem- 
bers, once an individual has lost fairly 
direct contact with a local chapter. As a 
result of this, the Society’s program to 
support qualified research and be active 
in national and local scientific councils 
has been impaired. Without continuing 
contacts with the Membership-at-Large, 
we often have lost the financial strength 
and impetus that could have been of 
great assistance. 

In recent years significant efforts have 
been made to change this. The Com- 
mittee on Membership-at-Large has 
developed election and promotion pro- 
cedures which have been the subject of 
continuing informational releases to 
Members and chapters. These were 
published in the September issue of 
AMERICAN SCIENTIST and are reprinted 
on page 382A of this issue. While this 
procedure has just begun to function, 
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fifteen nominations have already been 
handled with appropriate promotions 
and elections being authorized. (These 
are reported on page 385A.) We believe 
this is a major step in the direction of 
strengthening the Society since it allows 
us not only to keep in contact with those 
who are not immediately associated 
with local chapters, but it also provides 
us with a way in which to recognize 
their achievements. 

With this work accomplished, we 
intend to push ahead vigorously to en- 
courage nominations for new member- 
ship and for promotion. We also intend 
to work enthusiastically toward other 
objectives. 

In the first place, this is a service 
organization—it will be successful to the 
extent that individual members are 
interested and do constructive work in 
the Society and in their community. 
We believe there are at least two ways 
to do this: 

First, each year the Society grants 
funds to individual researchers who need 
small amounts of financial aid. These are 
the important basic projects in the 
country that are not of sufficient magni- 
tude or glamour to obtain grants from 
major foundations and other sources. 
Last year we had only about $100,000 
available, although we had requests 
totaling $353,000. Clearly, one of the 
objectives of the Chapter-at-Large pro- 
gram is to improve the Society’s ability 
to support this type of research. All 
members have an opportunity each year 
to contribute to the research program 
and we are planning to try to make these 
appeals clearer, more specific and more 
widespread. As an objective, the Com- 
mittee on Membership-at-Large hopes 


to double in the immediate future the 
contributions for research grants and we 
look to all of our membership in the 
Chapters-at-Large for help in achieving 
this goal. 


Second, in addition to the worthwhile 
cause of support of small research proj- 
ects we are eager to be more active in 
stimulating efforts by our total member- 
ship to be effective in the scientific 
community and in the general com- 
munity. We are considering pilot pro- 
grams in coordination with specific local 
chapters which will allow an enlarged 
relationship between the chapter mem- 
bers and the Membership-at-Large in 
the community around the chapter. We 
can be helpful to the Society, and to the 
cause of improved scientific understand- 
ing and responsible decision-making in 
the community, if we can provide the 
tools for all of our membership to be 
informed about current issues and prob- 
lems and to receive encouragement in 
their efforts to do something about them. 


From time to time we will be reporting 
to you in these pages about the success 
of the Committee on Membership-at- 
Large in meeting these general objec- 
tives and about the specific things that 
each member can do to take more of an 
active interest. We welcome comments 
and suggestions and will deeply appre- 
ciate your assistance in achieving our 
stated goals. 

Communication with respect to pro- 
motions and elections should be ad- 
dressed to James H. Marks, Chairman 
of the Committee on Membership-at- 
Large, 51 Prospect Street, New Haven, 
Connecticut 06511. 


Edmund A. Hartsook 
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BOOKS RECEIVED FOR REVIEW 





TO THE MEMBERSHIP: Our readers are reminded that this section of their journal is intended 
to be an information service listing first editions of the most important new scientific 
hardbound and eee books received for review in our Princeton Editorial Offices. 


p 
Titles are for 1964 pub 


From Academic Press, Inc. : 


Identification of Materials, Via Physical 
Properties, Chemical Tests, & Micros- 
copy by A. “A. BENEDETTI-PICHLER; 
492 pages; $18. 

Differentiable Periodic Maps by P. E. 
> & E. E. Fioyp; 148 pages; 

6.50. 

Analytical Methods for Pesticides, Plant 
Growth Regulators, & Food Additives, 
Vol. 3—Fungicides, Nematocides & 
Soil Fumigants, Rodenticides, & Food 
& Feed Additives, edited by G. Zwuia; 
237 pages; $12 regular, $10 to sub- 
scribers. 

Analytical Methods for Pesticides, Plant 
Growth Regulators, & Food Additives, 
Vol. 2—Insecticides, edited by G. 
Zweic; 619 pages; $23 regular, $20 
to subscribers. 

Residues of Pesticides & Other Foreign 
Chemicals in Foods & Feeds, Vol. 6 of 
Residue Reviews, edited by F. A. Gun- 
THER; 165 pages; $6. 

ances in Morphogenesis, Vol. 3, 
edited by M. ABERCROMBIE & J. 
BrACcHET; 408 pages; $14. 

Mammalian Protein Metabolism, Vol. 2, 
edited by H. N. Munro & J. B. 
ALLISON; 642 pages; $21. 

Structure & Metabolism of Corticos- 
teroids, edited by J. R. PASQUALINI 
& M. €F. Jaye; 168 pages; $6: 
(Proceedings of a Symposium Held 
in Paris, July 1963 & Organized by 
the Faculté de Médecine, Laboratoire 
de Chimie Biologique). 

Spectra-Structure Correlation by J. P. 
PHILLIPS; 172 pages; $6. 

The Lunar Surface Layer, Materials & 
Characteristics, edited by J. W. 
SALISBURY & P. E. GLAsER; 532 
pages; $12. 

Electronic Aspects of Biochemistry, ed- 
ited by B. PuLLMAN; 582 pages; $20. 

Molecular Orbitals in Chemistry, Physics, 
& Biology, A Tribute to R. S. Mul- 
liken, edited by P. Lowpin & B. 
PULLMAN; 578 pages; $22. 

Electron Microscopic Anatomy by S. M. 
Kurtz; 425 pages; $14. 

The Bacteria, A Treatise on Structure & 
Function, Vol. 5: Heredity, edited by 
I. C. Gunsatus & R. Y. STanmr; 
517 pages; $16 regular, $14.40 sub- 
scribers. 

Symptomatology & Therapy of Toxico- 
logical Emergencies by W. B. Drrcu- 
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ication unless otherwise noted. 





“bh & H. W. Grerarpe; 605 pages; 

18. 

Recent Progress in Surface Science, Vol. 
1, edited by J. F. DANIELLI et al. 
414 pages; $16. 

Microwave Scanning Antennas, Vol. 1, 
Apertures, edited by R. C. Hansen; 
442 pages; $16. 

Physiology of the Amphibia, edited by 
J. A. Moors; 654 pages; $18. 

Biochemistry of Phenolic Compounds, 
edited by J. B. Harporne; 618 
pages; 126s.; London. 

Introduction to Infrared & Raman 
Spectroscopy by N. B. Couruup et 
al.; 511 pages; $12. 

Nutrition, A Comprehensive Treatise, 
Vol. 1: Macronutrients & Nutrient 
Elements, edited by G. H. BEATON & 
E. W. McHenry; 547 pages; subscrib- 
ers, $16.50; $18.50 regular. 

Posttronium Chemistry by J. GREEN & 
J. Lew; 105 pages; $5.50. 

Scientific Uncertainty, & Information by 
L. BRILLOUIN; 164 pages; $6.50. 

The Macromolecular Chemditey of Gelatin 
by A. Vers; 433 pages; $14.50. 

Physical Techniques in Biological Re- 
search; Vol. 6: Electrophysiological 
Methods, Part A, edited by W. L. 
NastuK; 460 pages; $16. 

Star Evolution, (Coren 28, Proceedings 
of the International School of Physics 
“Enrico Fermi,” Varenna, Italy, 
August 1962), edited by I. POLVANI, 
directed by L. GRATTON; 488 pages; 
$18.50. 

Computing Methods in Optimization 
Problems, edited by A. V. BALAKRISH- 
NAN & L. W. Neusrapt; 327 pages; 
$7.50. 

Advances in Insect Physiology, Vol. 2, 
edited by J. W. L. BrameEnt, et al.; 
364 pages; $11. 

The Physiology of Insecta, Vol. 1, edited 
by M. Rocxsrrin; 640 pages; $22 
regular, $19.50 subscribers. 

The Microscopical Characters of Artificial 
Inorganic Solid Substances (Optical 
Properties of Artificial Minerals) by 
À. N. & H. WINcHELL; 439 pages; 
$14.50. 

Carbene Chemistry, Vol. 1 of Organic 
Chemistry by W. KIRMSE, et al.; 302 
pages; $9.50. 

Proceedings of the International School 
of Physics “Enrico Fermi,” Lake 
Como, Summer 1963, Course 27: 


JOIN THE 
MANAGEMENT 
SYSTEMS LEADERS 
OF ORI 


The Management Systems Program of Op- 
erations Research Incorporated is continu- 
ing its rapid expansion to meet new chal- 
lenges and responsibilities in: 


e Design / development / implementation of 
advanced management systems providing 
control over time, costs, reliability, and lo- 
gistics 

¢ Data processing 

¢ Information retrieval 

* Economic analysis 

* Human factors planning and analysis 

Senior-level positions with exceptional poten- 

tial in these and related areas are now of- 


SENIOR-LEVEL OPPORTUNITIES 





fered to management systems design engi- 
neers, statistical and mathematical economists, 
EDP specialists, applied mathematicians, in- 
dustrial engineers and psychologists. These 
career openings require B.S. degrees (M.S. 
or Ph.D. preferred) with minimum of 3-5 
years’ experience, and demonstrated techni- 
cal achievement. They involve assignments 
on nationally significant projects for indus- 
try, government, and the armed forces. Posi- 
tions are at ORI’s new headquarters building 
in a residential suburb of Washington, D.C. 
For further information, please send a brief 
resume to Dr. Donald Orkand, Assoc. Di- 
rector for Management Systems. 


OPERATIONS RESEARCH 
INCORPORATED 


1400 Spring Street, Silver Spring, Maryland « Suburb of Washington, D.C. 
An equal opportunity employer 
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Dispersion & Absorption of Sound by 
Molecular Processes, edited by D. 
Sette; 443 pages; Course 29: Dis- 
persion Relations & Their Connection 
with Causality, edited by 
WiGNER, Director; 256 pages; 86 
shillings for the latter. 

International Review of Connective Tissue 
Research, Vol. 2, edited by D. A. 
HALL; 350 pages; $13. 

Selenium (Geobotany, Biochemistry, 
Toxicity, & Nutrition) by I. Rosen- 
FELD & O. A. BEATH; 411 pages; $15. 

Analytical Methods for Pesticides, Plant 
Growth Regulators & Food Additives, 
Vol. IV: *Herbicides, edited by G. 
ZWEIG; 269 pages; $12. 

Advances in Inorganic Chemistry & 
Radiochemistry, Vol. V1, (1964), ed- 
ited by H. J. Emeteus & A. G. 
SHARPE; 530 pages; $16. 

Recent Progress in Surface Science, Vol. 
II, edited by J. F. DANIELL, et al.; 
541 pages; $18. 

International Review of Cytology, Vol. 
17, edited by G. H. Bourne & J. F. 
DANIELLI; 401 pages; $16. 

Physical Acoustics Principles & Methods, 
Vol. I, Part A: Methods & Devices, 
edited by W. P. Mason; 515 pages; 
$18. 

Comparative Biochemistry, Vol. VII, 
Supplementary, edited by M. FLOR- 
KIN & H. S. Mason; 476 pages; $15. 

Mossbauer Effect: Principles & Ap- 
plications by . K. WERTHEIM; 
116 pages; Potential Barriers in Semi- 
conductors by B. R. Gossick; 153 
pages; $2.45 each paper; $5.50 cloth; 
Elementary Plane Rigid Dynamics; 
194 pages; Elementary Dynamics of 
Particles; 219 pages by H. W. HARE- 
NESS; $2.95 each paper; $6 cloth; 
Crystals, Their Role in Nature & In 
Science by C. BuNN; 286 pages; $3.45 
paper; $6.50 cloth. The above 5 titles 
edited by D. A. BROMLEY. 

Advances in Cancer Research, Vol. 8, 
edited by A. Happow & S. WEIN- 
HOUSE; 482 pages; $17. 

Isotopes in Biology by G. Wour; 173 
pages; $2.45 paper; about $7 cloth. 


From Addison-Wesley Publishing Co., 
In . 


Er 

An Introduction to ALGOL 60 by ©. 
ANDERSEN; 57 pages; $1.75 paper. 

Elements of Differential Equations by 
W. KAPLAN; 270 pages; $7.50. 

High Polymers by M. Gorpon; 158 
pages; $6.75. 

A Second Course in Calculus by S. 
LANG; 242 pages; $7.50. 

The Foundations of Physics by A. 
BEISER; 594 pages; $10.75. 

Principles of Fluid Mechanics by W. H. 
Li & S. H. Lam; 374 pages; $9.75. 

The Concept of a Riemann Surface by 
H. WEYL; 191 pages; $12.50. 

Dislocations by J. FRIEDEL; 491 pages; 
$17. 
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Plants at Work by F. C. STEWARD; 
184 pages; $2.95 paper; $3.95 hard- 
bound. Principles of Biology Series. 

Elementary Particle Physics by 
KÄäÄLLÉN; 546 pages; $15. 

Fundamentals of Reinforced Concrete 
by J. N. Cernica; 318 pages; $9.75. 

Inference & Disputed Authorship: The 
Federalist by F. MOSTELLER & D. L. 
WALLACE; 287 pages; $12.50. 

Advanced Calculus, Vols. I & II by V. I. 
SMIRNOV; 1173 pages; $12.50 per vol. 

From American Elsevier Publishing Co. : 

The Current Interpretation of Wave 
Mechanics, A Critical Study by L. 
De BROGLIE; 95 pages; $6. 

Nobel Lectures in Physiology or M edicine 
1942-1962, Vol. 3, by the Nobel 
Foundation; 837 pages; $85 for 3 vols. 

Chromatographic Reviews, Vol. 6, edited 
by M. LEDERER; 219 pages; $12.75. 

From W. A. Benjamin, Inc. : 

Coordination Chemistry by F. BAsoLo 
& R. Jomnson; 180 pages; $3.95 
cloth; $1.95 paper. 

Tetrapyrrole Biosynthesis & Its Regula- 
tion by J. LASCELLES; 132 pages; $7. 
Understanding Physical Chemistry, Parts 
I & II by A. W. Apamson; 508 pages; 
$10 cloth edition in 2 parts; $3.95 

each in paper. 

Strong, Electromagnetic, & Weak Inter- 
actions (1963 International School of 
Physics “Ettore Majorana”), edited 
by A. ZıcmıcHI; 248 pages; $9 cloth, 
$4.95 paper. 

Strong-Interaction Physics by M. JAcoB 
& G. F. Caew; 154 pages; $9 cloth; 
$4.95 paper. 

Symmetry in the Solid State by R. S. 
Knox & A. Goup; 344 pages; $10 
cloth; $5.95 paper. 

The Biosynthesis of Steroids, Terpenes, 
& Acetogenins by J. H. RICHARDS & 
J. B. Hernprickson; 416 pages; 
$18.50. 

From Doubleday & Company, Inc. 

Relativity & Common Sense, A New Ap- 
proach to Einstein by H. Bonp1t; 177 
pages; $1.25 paper. | 

Electron Tubes at Work by J. B. OWENS 
& P. SANBORN; 557 pages; $6.95; A 
Tutor Text. 

Decimals & Percentage by B. K. FRIEL; . 
504 pages; $5.95; A Tutor Text. 

Bird Migration, The Biology & Physics 
of Orientation Behavior by D. R. 

RIFFIN; 180 pages; $1.25 paper. 

Give & Take (The Development of Tis- 
sue Transplantation) by F. D. 
Moors; 182 pages; $5.50. 

Asimov's Biographical Encyclopedia of 
Science & Technology by I. Astmov; 
662 pages; $8.95. 

From Doubleday & Co.’s Natural History 
Press for the American Museum— 
Hayden Planetarium: Astronomy 
Highlights— 

Appollo & the Moon by F. M. BRANLEY 

Birth & Death of the Stars & Space Age 
Astronomy by K. L. FRANKLIN 


Imaging Technology... 


At Xerox it can mean anything. 


From xerographic optical 
stems to laser applications... 
micro-imaging to pattern 
ognition...'‘frost’’ deformation 
of thermoplastic films 
..to fundamental studies of 
interaction between light 
nd matter in surprising ways. 


“s no surprise that opportunities in 
Optical Technology Department are 
ewhat provocative. Right now, 
're provoking a fast-growing group 
cientists and engineers who have 
e to Xerox from campus and indus- 
| research laboratories, photo 
innaissance firms, the television, 
tographic and graphic communica- 
fields. 


owing are some of the new openings: 





OPTICAL ENGINEERS 


To engage in the study, assessment, and 
development of advanced imaging sys- 
tems including illumination devices, 
modulation techniques and optical scan- 
ners in the fields of graphic communica- 
tions, image recording, information 
storage and retrieval and display 
equipment. 


OPTO-MECHANICAL ENGINEERS 


Responsibilities include the opto- 
mechanical solution of those problems 
associated with the design and develop- 
ment of optical instrumentation and 
equipments for recording systems analy- 
sis, signal and information display and 
optical and electrostatic image evalua- 
tion equipments. 


SENIOR OPTICAL ENGINEERS 


To provide optical engineering, consulta- 
tion and guidance to the various R&E 
laboratories and other divisions of the 
company. Also, lend creative guidance 
in the rendering of these services as well 
as provide original thinking on software 
and hardware proposals to governmental 
agencies and other special customers. 
Electrostatic, photographic and visual 
systems for the UV, visual and IR regions 
will at one time or another be considered. 
BS in Optics, Physics or related science 
with 10 years’ experience in the design 
and engineering of optical systems. 


ELECTRO-OPTICAL ENGINEERS 


To design and develop electro-optical de- 
vices for graphic communication sys- 
tems, spatial filtering and coherent light 
experiments, character recognition and 
interpretation instrumentation. 


PHYSICISTS 


For applied research studies in coopera- 
tion with engineers and chemists. The 
work will appeal to those having a flair 
for creative approaches to solving tech- 
nical problems and an interest in seeing 
practical results of their labors. Those 
with backgrounds in classical physics 
with a working knowledge of electro- 
static phenomena, light, photoconduc- 
tivity, thermodynamics, and mechanisms 
should be especially interested. 


PHYSICISTS 


Interested in developing new technolo- 
gies and new processes related to gene- 
ral area of graphic arts. Candidates 
should be oriented toward developing 
new technologies as opposed to new 
products and should have a proven rec- 
ord of originality and creativity. 


Please forward your resume, including salary requirements, to Mr. Robert Conboy, 
Xerox Corporation, Dept. AS-12, P.O. Box 1540, Rochester, New York 14603. 


XEROX ™ 


An Equal Opportunity Employer 
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Captives of the Sun by J. S. PICKERING 
Design of the Universe by S. I. GALE 
Man In Space by F. C. Hess 

The Sun in Action by T. D. NICHOLSON 

Time & the Stars by J. M. CHAMBER- 
LAIN; 32 pages each; 50¢ per copy; 
8 booklets boxed $4. 

From W. H. Freeman & Co.: 

Ore Deposits by C. F. PARK, JR. & R. A. 
MacDiarmid; 475 pages; $9.50. 

Population, Evolution, Birth Control, 
edited by G. HARDIN; 341 pages; 
$4.50 cloth, $2 paper. 

Thermophilic Fungi by D. G. Coonry 
& R. Emekson; 188 pages; $5. 

From Ginn & Co. (Blaisdell Publishing 
Co. unless otherwise noted): 

Lattices to Logic by R. Dusiscu; 88 
pages; $1.65 paper. 

Lectures on Elementary Number Theory 
by H. RADEMACHER; 146 pages; 
$6.50. 

Elementary Contemporary Mathematics 
by M. M. Oumer, et al.; 380 pages; 
$7.50. 

Partial Differential Equations by G. 
HELLWIG; 263 pages; $9.50. 

First Course in Mathematical Logic by 
P. Suppes & S. HL; 274 pages; 
$6.50. 

Methods of Real Analysis by R. R. 
GOLDBERG; 359 pages; $9.50. 

Projective Geometry by H. S. M. Coxe- 
TER; 162 pages; $5. 

Functional Analysis by A. WILANSKy; 
291 pages; $9.50. 

Mathematics: The Study of Axiom Sys- 
tems by G. E. WITTER; 316 pages; 
$6.50. 

Analysis, Vol. I, by E. HILLE; 626 pages; 
$10. 


Limits, The Concept & Its Role in 
Mathematics by N. Mier; 149 
pages» $2.25 paper. 

Modular Arithmetic by B. W. Jones; 
93 pages; $1.65 paper. 

From Gordon & Breach: 

Transition Metal Compounds Transport 
& Magnetic Properties, edited by E. 
R. Scuarz; 136 pages; $9.50 cloth: 
$5 paper; Informal Proceedings of 
Buhl International Conference, Pitts- 
burgh, Fall 1963. 

Ionic Bombardment: Theory & Applica- 
tions, J. J. TRILLAT organizer; 359 
pages; $19.50; Proceedings in English 
of International Symposium of the 
Centre National de la Recherche 
Scientifique, Bellevue, France, De- 
cember 1962. 

Milling Methods in the Americas, 
edited by N. ARBITER, et al.; 486 
pages; $11.50 cloth; $7.50 paper. 7th 
International Mineral Processing 
Congress & Centennial of Columbia 
University School of Mines. 

New Types of Metal Powders, edited by 
H. H. Hausner; 167 pages; $9.50 
cloth; $3.95 paper; Proceedings of The 
Metallurgical Society Symposium, 
Cleveland, October 1963. 
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Principles of Radiation Protection by 
G. Eaves; 185 pages; $8.25 for Iliffe 
Books Ltd. 

Progress in Industrial M icrobiology, 
Vol. 5, edited by D. J. D. HOCKEN- 
HULL; 326 pages; $13.50. 

From Harcourt, Brace & World: 

Heredity & the Nature of Man by T. 
DoszHANsky; 179 pages; $4.75. 

The Rise & Fall of the Seas (The Story 
of the Tides) by R. BRINDZE; 96 pages; 
$3.50. A junior level book. 

When the Earth Trembles by H. TAZIEFF; 
245 pages; $4.95. 

Contemporary Physics by D. Park; 175 
pages; $4.95 cloth; $2.45 paper; A 
Harbinger Original in The Ideas in 
Science Series. 

From Harper & Row: 

The Basis of Human Evolution by B. S. 
Kraus; 384 pages; $6.50 cloth, $4.75 
paper. 

A Range Guide to Mines & Minerals by 
J. E. Ransom; 305 pages; $5.95. 

Insight, Ideas of Modern Science by J. 
BroNnowsk1; 108 pages; $5.95. 

The Scientific Revolution & World 
Politics by C. P. Haskins; 115 pages; 
$3.50; for the Council on Foreign 
Relations. 

So You Want To Be A Chemist by A. E. 
Nourse with J. C. WEBBERT; 164 
pages; $3.50. 

From The Macmillan Co., including 
Pergamon Press and the Free Press 
of Glencoe. Pergamon Press unless 
otherwise noted: 

Engineering Graphics & Design by 
P. H. Hitt; $6.95; Macmillan. 

Introduction to Mathematical Sociology 
by J. S. COLEMAN; 554 pages; $9.95; 
The Free Press of Glencoe. 

Organic Chemistry, An Introductory 
Course by H. Lowrurr; 195 pages; 
$2.45 paper. 

Experimental Fluid Mechanics by P. 
BRADSHAW; 210 pages; $3.75 paper. 
The Principles of Applied Science by 
M. W. Turing; 226 pages; $2.95 

paper. 

Science for Engineers, Vol. 2, by G. W. 
Marr; 220 pages; $2.95 paper. 

Mathematics, Problem Book 1 by J. 
HEADING; 184 pages; $3.75 paper. 

Foundry Core & Mould Making by the 
Carbon Dioxide Process by A. D. 
SARKAR; 182 pages; $3.75 paper. 

Revolution in Biology, A Decade of 
Discovery by J. MADDOX; 179 pages; 
$5; Macmillan. 

The Physiological Effects of High Al- 
titude, edited by W. H. WEIHE; 351 
pages; $12; (Proceedings of a Sym- 
posium Held at Interlaken, September 


1962). 
Mathematical Foundations of Thermo- 
dynamics, International Series of 


Monographs on Pure & Applied 
Mathematics, Vol. 53, by R. GILES; 
235 pages; $10. 





What tells the machine, “I am a 5”? 


Designing recognition logic is a key to 

developing systems for recognizing 

handwriting, multifont printing, or 

magnetic-ink characters. Engineers face ° 
the questions: What minimum information 

must the scanner sense from a character, 

and what measurements are necessary to 

ensure accurate recognition? 


There are a number of aspects of character 
recognition you might work on: computer 
simulation of new recognition logic, 
investigation of the probability of accurate 
recognition for different styles of writing or 
printing, or development of new methods 
of scanning the characters. 


The field of character recognition and 
associated areas such as document handling 
could be of great potential for you at IBM. 
Write to Manager of Employment, 

Dept. 512Z, IBM Corporate Headquarters, 
Armonk, New York 10504. 


An Equal Opportunity d B M 
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Phase Transformations in Condensed 
Systems by M. E. Fine; 133 pages; 
$3.40 

High Power Microwave Electronics by 
P. L. Kaprrza; 148 pages; $9. 

Gas Analysis by Gas Chromatography, 
International Series of Monographs 
on Analytical Chemistry, Vol. 17, by 
P. G. JEFFERY & P. J. Kipprna; 213 
pages; $10. 

Non-steady Flame Propagation, AGAR- 
Dograph 75, edited by G. H. MARK- 
STEIN ; 328 pages; $16. 

Kinetics of Precipitation, International 
Series of Monographs on Analytical 
Chemistry, Vol. 18, by A. E. Nr- 
SEN; 151 pages; $6. 

The Production of Olefine-Containing & 
Fuel Gases by Ya. M. PAUSHKIN & 
T. P. VISHNYAKOVA; 247 pages; $10. 

Engineering Drawing from the Beginning, 
Vol. 1, by M. F. Cousins; 152 pages: 
$2.45. 

Bone & Tooth (Proceedings of the First 
European Symposium Held at Somer- 
ville College, Oxford, April 1963), 
edited by H. J. J. Buackwoop; 425 
pages; $15. 

Small Animal Anaesthesia ( Proceedings 
of a Symposium Organized by the 
British Small Animals Veterinary 
Association & The Universities Feder- 
ation for Animal Welfare, London, 
July 1963), edited by O. GRAHAM- 
Jones; 260 pages; $12. 

Dimensioning for Interchangeability by 
L. P. WAKEFIELD; 64 pages; $1.95 
paper. 

Beams & Framed Structures by J. 
Heyman; 141 pages; $2.95 paper. 

Elementary Theory of Elastic Plates by 
L. G. JAEGER; 108 pages; $2.95 paper. 

A Course in Physics, Vol. 1, by H. 
STEELS» 180 pages; $2.95 paper. 

Mechanisms for the Generation of Plane 
Curves by I. I. ARrroBoLEvskm: 
278 pages; $12. 

High Temperatures in Aeronautics ( Pro- 
ceedings of the Symposium Held in 
Turin, September 1962), edited by C. 
FERRARI; 446 pages; $15. 

Interpretation of the Ultraviolet Spectra of 
Natural Products, International Series 
of Monographs on Organics Chemis- 
try, Vol. 7, by A. I. Scorr; 443 pages; 
$12.50. 

Digital Calculations of Engine Cycles by 
the Society of Automotive Engineers, 
Inc.; 108 pages; $9. 

Micropower Electronics, AGARDograph 
an edited by E. KronJran; 216 pages; 

12. 

Supersonic Flow, Chemical Processes & 
Radiative Transfer, edited by D. B. 
OLFE & V. ZAKKAY; 483 pages; $25. 

Teaching Machines & Programming, 
“r pii by K. Austwick; 205 pages: 


F atigue Resistance of Materials & Metal 
Structural Parts (Proceedings of an 
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International Conference Held in 
Warsaw, May 1960), edited by A. 
Bucu; 313 pages; $15. 

Advances in Machine Tool Design & 
Research (Proceedings of the 4th 
International M.T.D.R. Conference, 
the Manchester College of Science & 
Technology, September 1963), edited 
by 8. A. Topras & F. Koentas- 
BERGER; 500 pages; $22.50. 

Progress in Materials Science, Incor- 
norating Progress in Metal Physics, 
Vol. 10, edited by B. Cuaumers; 391 
pages; $20. 

Salivary Glands & Their Secretions, Vol. 
3 of International Series of Mono- 
graphs on Oral Biology (Proceedings 
of an International Conference Held 
at the University of Washington, 
Seattle, Washington, August 1962), 
edited by L. M. Sreesny & J. 
Meyer; 380 pages; $20. 

Manual of Experimental Electrophysiol- 
ogy, International Series of Mono- 
graphs on Pure & Applied Biology/- 
Modern Trends in Physiological Sci- 
ences, Vol. 24, by I. C. WHITFIELD; 
137 pages; $6. 

Electronic Universal, Vade-Mecum by P. 
MrkouasezykK & B. PASZKOWSKI, 
2 Vols. ; 1448 pages; $37.50. 

Fluid Dynamics Transactions, Vol. 1, 
edited by W. Fıszpon; 397 pages; $15. 

Instrumental Methods of Experimental 
Biology, edited by D. E. NEWMAN; 
560 pages; $15; Macmillan. 

Atlas of Human Anatomy bv F. Kiss 
& J. SZENTÁGOTHAI; 872 pages; 
$17.50. 

A Course of Mathematics for Engineers 
& Scientists, Vol. 5, by C. PLumpron 
& B. H. Cuirewin; 202 pages; $3.75. 

Analysis of Ancient Metals by E. R. 
CALEY; 173 pages; $6. 

Optical Illusions by S. ToLansky; 156 
pages; $5. 

Pharmacology of Smooth Muscle, (Second 
International Pharmacological Meet- 
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“UNDULATED” CORE 
MAKES SELF-SUPPORTING CABLE PRACTICAL 





WINE 


Telephone cables strung along pole lines 
need mechanical support. Heretofore, this 
support has been provided by a separate, 
strong steel strand from which the cable 
is suspended—either by wire rings or by 
a lashing wire wound helically around the 
strand and cable. 


For ease of installation it is desirable to 
design the cable and strand into a single 
self-supporting structure. But in such de- 
signs the cable sheath and its core of tele- 
phone wires, as well as the strand, may 
be placed under tension when suspended 
between poles. With the wires under ten- 
sion, craftsmen have no readily available 
slack wire, which is needed in making con- 
nections for bringing service to a cus- 
tomer's house. 


To solve this problem Bell Laboratories en- 
gineers, working in close cooperation with 


ABOVE: Drawing of new self-supporting cable structure shows ‘‘undulated” core of telephone wires encased 
in aluminum and polyethylene sheath members. Edges of corrugated aluminum sheath are butted along top of 


cable. Polyethylene sheath extends over steel strand on top to provide built-in cable support. BELOW: Photo- 
graphs show, left to right, older-type ring-supported cable, present lashed cable, and new self-supporting cable. 


engineers of the Western Electric Company, 
manufacturing unit of the Bell System, 
“built the slack into the cable.” The slack 
is provided by an undulation incorporated 
into the core of telephone wires. To help 
prevent the polyethylene cable sheath from 
tightening around the wires during manu- 
facture, the longitudinal edges of a corru- 
gated aluminum sheath member are butted 
up against each other, rather than over- 
lapped as in other cables. 


The new cable permits both efficient and 
economical construction methods. It is 
rapidly raised, tensioned, and clamped to 
poles. Craftsmen easily pull slack wire from 
the cable and, using plastic ‘ready access" 
terminals, make the required connections. 


Bell Telephone Laboratories 
Research and Development Unit of the Bell System 
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Man-Made diamonds weighing two carats (9x). 
Also Figure 7. 
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MAN-MADE* DIAMONDS—A PROGRESS 
REPORT 


By C. G. SUITS 


HIS is, first of all, a story about carbon, the most aggressively 
T gregarious element of the periodic table. Carbon, compounded, is so 
versatile in nature that the major branches of chemistry are determined 
entirely by the presence or absence of this element. Carbon, by itself in 
crystalline form, offers another distinctive dichotomy: it can be slippery, 
messy graphite worth a few pennies a pound; and, at the other extreme, 
it can be magnificent diamond, nature’s hardest and most glamorous 
substance, sometimes valued at millions of dollars an ounce. 

Converting a plentiful, cheap, and even worthless material into some- 
thing rare and valuable was once thought to be a peculiar preoccupation 
of alchemists. If a play on words will be forgiven, we might say that this 
is now a worthy occupation for all chemists, all physicists, and all metal- 
lurgists—at least in industrial laboratories. = 

There have, of course, been some spectacular successes in this effort. 
Witness, as examples, the conversion of nearly worthless natural silicon 
found in sand to the highly valuable semiconductor-grade silicon on 
which a large segment of the semiconductor industry is based; or the 
conversion of cheap hydrocarbons—residues from coal, oil, and gas—to 
monomers and then to polymers of great utility and economic value. 
The planning, execution, and fruition of a successful venture in modern 
alchemy is one of the great satisfactions of today’s scientists, technolo- 
gists, and engineers. 

It is not surprising that the history of science is replete with attempts 
to convert base carbon to noble diamond, and that the story is inter- 
laced with claims and disclaimers, mystery and jealousy, suspense and 
intrigue. 

The task itself is conceptually simple. Graphite is composed of carbon 
atoms, tightly bound in planes, with comparatively weak atomic forces 
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holding the planes together; the flaky character of graphite is the macro- 
scopic evidence of this atomic structure. Diamond is composed of pre- 
cisely the same carbon atoms squeezed together to achieve substantially 
uniform inter-atom distances throughout the lattice. Thus, the diamond 
lattice is a neat packing configuration which gives each atom a tight 
hold on each of the four atoms arrayed around it. In other words, to turn 
graphite into diamond, all one must do is press it into the more compact 
atomic arrangement of diamond, as is shown in Figure 1. What could be 
simpler? e. 
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Fig. 1. Model of graphite lattice (left) and diamond lattice (right). 


But, alas, as countless investigators over the years have learned to 
their agonizing dismay, Mother Nature did not intend her own achieve- 
ment—probably performed at mysterious, unexplored depths far be- 
neath the surface of the earth—to be easily accomplished by man. The 
late Professor Perey Bridgman of Harvard, a Nobel laureate for his work 
on high-pressure phenomena, put it succinctly. “Graphite,” he said, ‘‘is 
nature’s strongest spring.” 

Or, in the less grammatical phrase of one of our laboratory associates, 
it might be said that “‘it is easy to squeeze carbon atoms together, but 
very difficult to keep them squz.”’ 

Professor Bridgman spent many years trying to make diamonds during 
the 1920’s, ’30s, and ’40s, and found serious natural roadblocks at every 
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step on this road. The most serious roadblocks were: (1) an understand- 
ing of the diamond-making process, and (2) the requirement of high 
pressure and high temperature simultaneously, both held for an ap- 
preciable interval of time. Bridgman produced pressures which were 
much greater than required, but the “‘spring”’ relaxed to graphite when 
the pressure was reduced. On the basis of what he learned, Bridgman con- 
cluded that all previous claims to success in diamond-making were based 
on wishful thinking and not scientific proof. 


G.E. HIGH-COMPRESSION BELT APPARATUS 


PRESS FORCE 





PRESS FORCE 


Fig. 2. Present form of the high pressure “‘belt.’’ 


In 1951, my associates [1] and I decided to launch a new, all-out as- 
sault on this problem. We resolved to delve into the process whereby 
diamond might be made, using not only new techniques for attaining 
fantastically high pressures, but also for attaining the simultaneous high 
temperatures that would be required to “latch” this spring: thus, 
to form diamond from graphite. 

Let us now discuss three aspects of the diamond problem in turn: 
the pressure, the temperature, the chemistry—and then add a comment 
about a fourth factor: time. 

Using the strongest available materials, unique pre-stressing tech- 
niques, and geometrically complex designs which permit the micro-flow 
of pistons and cylinders at extremes of pressure, the project to which we 
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have referred has developed equipment capable of withstanding pres- 
sures of up to 3,000,000 lb. per sq. in. This is 200,000 times atmospheric 
pressure, or, as the scientists put it, 200 kilobars. It is the pressure that 
would be found some 330 miles beneath the earth’s surface. Or, expressed 
another way, it represents the pressure of a column of mercury 100 
miles high, a rather substantial barometer reading. These astounding 





Fia. 3. Bar of graphite squeezed to diamond in its central section. 


pressures, however, are not arecord. Bridgman attained much higher 
pressures by far simpler means. The new progress, in apparatus, came 
from a chamber design that permitted the simultaneous attainment of 
high pressure and high temperature. 

In terms of temperature, we have consistently referred to ‘5000 de- 
grees.” In the early days of diamond-making we meant Fahrenheit, 
and 5000°F. is still the temperature which can be held for “a long 
time’”’—hours if need be. More recently, temperatures of 5000°K.— 
about 9000°F.—have been achieved for periods of a few hundredths of a 
second in our superpressure chambers. This is nearly the temperature of 
the sun’s surface. 

The development of these pressure chambers has been described in 
detail on another occasion {2}. The present form of the high pressure 
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“belt” is shown in diagrammatic view in Figure 2. 

Chemistry was at least as important to the initial achievement of 
diamond making, as the temperature-pressure combination. It has been 
found that certain metals, which are molten in the process environment, 
act as catalysts and greatly enhance the rate of the required change in 
the lattice arrangement. The net result of catalysis is a higher yield at a 
higher rate, at significantly reduced temperatures and pressures. Thanks 
to pressure, temperature, and chemistry, the graphite “stayed squz” 
and emerged as diamond. . 





Fic. 4. Photomicrograph of early Man-Made diamonds (9x). 


As we have seen, it is possible in superpressure chambers to hold the 
chamber conditions for long periods of time and thus to achieve a steady 
state for reactions under study. A temperature limit of about 3000°K. is 
set for such steady state use primarily by the available material proper- 
ties, particularly the melting points of ceramic bodies. Under steady state 
conditions, say 1.5 million pounds per square inch and 1500°K., the 
diamond stable region of the carbon phase diagram is attained, but the 
diamond transition was not originally observed except in the presence 
of the catalyst. Francis Bundy showed, in static apparatus, by extending 
the temperature to 5000°K. for transient excursions, that the direct 
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conversion of graphite to diamond—that is, without catalyst action— 
takes place. This is illustrated strikingly by the photograph in Figure 3 
of a bar of graphite which has been squeezed to diamond in its central 
section by these extreme transient conditions. (The density of graphite 
is 2.25; that of diamond, 3.52.) Still more recently, Bundy and Robert H. 
Wentorf have detected direct conversions at the upper end of the steady 
state temperature-pressure regime. And, the answer to the question of 
time is one of nature’s bounties; the time is ‘‘short’’—a matter of minutes 
or seconds ‘once reaction conditions have been attained. 

The announcement that diamonds had been made at the General 
Electric Research Laboratory appeared in February 1955. To be honest, 
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Fig. 5. Diamond is about five times harder than ruby and sapphire. 


it should be noted that the diamonds made up to that time were small, 
as shown in Figure 4. Although they could be seen with the naked eye, 
it was better to use a microscope, and it was important not to sneeze, for 
that might have done away with the entire world supply at that time. 

The initial reaction to this announcement was, nevertheless, spec- 
tacular. For example, on the stock market, the total value of General 
Electric stock increased that day by more than $300 million. Although 
this was an important discovery, the market reaction was in this case, as 
in other cases that might be mentioned, more emotional than analytical. 
To justify a $300 million increase in market price on the basis of a dia- 
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mond business, even with very favorable profit ratios, would require an 
annual sales volume greater than $3 billion, which was the approximate 
level of General Electric total sales at that time. The total world-wide 
sales of the diamond industry at that time were at about 0 of this level. 
After a few days, during which such calculations were undoubtedly per- 
formed, the price of General Electric stock “recovered” to nearly its 
former level. 

The announcement release in 1955 made it clear that Man-Made 
diamonds were small and were not of gem quality. One might pump to the 





Fig. 6. Collection of one-quarter million carats of Man-Made diamonds. 


conclusion that only diamond gems are really valuable. To put this 
question in proper perspective, one must bear in mind that the bulk of 
diamond production from all sources, worldwide, is in industrial grades 
with a total market value of about $60 million. The very much smaller 
physical volume of gem diamond sells at a very much larger unit price to 
achieve a world-wide sales level of about $300 million per annum. 

A few points should be made concerning the value of diamond, the 
price of diamond, and some factors which determine both. Diamond has 
only one unique property—hardness—and this property is fundamental 
to its industrial use and its usefulness as a gem. However, hardness is a 
necessary but not a sufficient attribute of a crystal to be used as a gem. 
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As a gem, diamond has other important properties such as a high refrac- 
tive index and must have other additional qualities, such as size, color, 
and optical clarity. But, without its exceptional hardness, diamond would 
not be pre-eminent as a gem. A higher refractive index is available in 
other crystals, especially titania, and large clear crystals of many other 
minerals are readily available. 

Many persons have had the experience of wearing a ruby or sapphire 
gem in a ring for a period of years. A careful examination of the stone 
will show definite evidence of wear. On a true hardness scale, however, 
as Figure 5 shows, diamond is about five times harder than ruby and 
sapphire and it will accommodate the appreciable wear requirements of a 
gem stone. Thus, diamond is probably the only gem which can be used 
in an engagement ring which will survive the ideal marriage. 

The same unique property—hardness—is the essence of diamond’s 
industrial usefulness. This reduces in most cases to the ability, as in the 
case of a gem, to retain sharp corners under conditions of wear. The con- 
ditions of wear in industrial applications are, of course, much more severe 
than in engagement ring service. A suitable diamond saw can be used to 
cut concrete, for example, which it does, much as a steel saw cuts 
wood. Even more important, diamond wheels are used to cut the hardest 
and strongest metals and alloys—like Carboloy® cemented carbides— 
and the vital industrial usefulness of these carbides depends upon the 
availability of diamond for cutting these materials during manufacture. 

Fortunately, diamonds do not have to be beautiful in order to be hard. 
The bulk of the diamonds dug from the earth are small, discolored, and 
not worth polishing, but their hardness is the same as diamond of gem 
quality. These poor cousins of the million-dollars-an-ounce gem stones 
are worth only a fraction of gem prices, which fraction, however, is still 
about $6000 a pound based on a typical diamond grit price of $2.65 per 
carat. 

Soon after the discovery of the laboratory diamond process, we had to 
face the question: “Can Man-Made diamonds be produced that are good 
enough and inexpensive enough to compete with natural diamond bort?” 

The answer came in a remarkably short time. A team of scientists, 
engineers, and manufacturing experts joined forces to make these Man- 
Made diamonds a competitive industrial product, and—as Figure 6 
shows—this objective was achieved in less than three years. 

With this final step, America acquired for the first time an independent 
source of industrial diamond, a material which is very important to the 
industrial economy, and which is absolutely vital in key defense indus- 
tries. The assurance of a steady supply of industrial diamond has en- 
couraged broader use of this exceptional material for new applications. 
And, surprisingly enough, the new Man-Made product has turned out to 
be better than natural diamond for many applications. 
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Man-Made diamonds are grown under controlled conditions, and re- 
markable control can be exercised over the properties of the tiny crystals. 
For some purposes it is desirable to produce friable crystals, so that 
fresh cutting surfaces will be exposed during use; such crystals can be 
grown. For other purposes—for example, metal-bonded circular saws— 
the ideal crystal would be an octahedron of the correct size; such crystals 
can be grown. This is an improvement on natural diamond because tiny 
crystals are not recovered from natural sources, and hence fine mesh-size, 
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Fig. 8. Capabilities of different approaches. 


natural diamond is generally produced by crushing, which does not 
readily yield the desired crystal shape. Thus, nature’s hardest substance 
is now subject to quality control, which has significantly enhanced its 
industrial usefulness. 

A “diamond mine,” in Detroit, part of the General Electric Company’s 
Metallurgical Products Department, is now one of the largest single 
sources of industrial diamond in the world. The product is made reliably 
and at a price that is directly competitive with natural diamonds. The 
total production of diamonds from this mine to date is not properly 
measured in carats, but in tons. 

Most industrial diamonds, including Man-Made diamonds now on the 
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market, are very small: up to about half a millimeter in diameter and 
weighing only about a thousandth of a carat or less. However, diamonds 
in these small sizes in the form of abrasive grit fill a large portion of in- 
dustrial needs. Meanwhile, considerably larger Man-Made diamonds— 
1 or 2 mm. long and of good quality—can be made. 

Research continues toward the development of larger industrial stones, 
up to and including the carat-size diamonds required for oil-drill bits and 
wire-drawing dies. By growing the crystals in a multi-step process— 
adding a layer at a time—it has been possible in the laboratory to make 
diamonds weighing more than two carats, as shown on page 414A. It must 











Fic. 9. Borazon—a completely new material never found in nature.(9x). 


be noted, however, that these crystals are quite imperfect. They are not 
very strong because of inclusions, particularly between the layers, and 
because of internal strains in the crystal structure. They are definitely 
not the kind of clear, perfect stones suitable for polishing into something 
of interest to the ladies. 

The scientific achievement of Man-Made diamond, and the com- 
mercial success of the product, have served to stimulate broad interest 
in high-pressure research at laboratories all over the world. Approxi- 
mately 200 laboratories are now equipped for superpressure research, 
and much new useful knowledge of nature’s physical extremes is coming 
from this work. 
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Many of the exploratory efforts in superpressure incorporate so-called 
“dynamic” or explosive shock techniques in which very high tempera- 
tures and pressures up to a million atmospheres are obtained for very 
short periods of time, usually a few millionths of a second. Diamonds 
have been made by these processes. Alternatively, very high “static” 
pressures, such as 500 kilobars, together with high temperatures, may be 
attained at a sacrifice of reaction volume, and some interesting researches 
are being conducted by this method. Many new forms of matter are 
being explored at superpressures, and it is clear that the final chapters 





Fia. 10. Face of natural diamond gem stone (right) scratched by a piece of Borazon. 


to the story of superpressure have not yet been written. One must expect 
exciting news from this source of scientific exploration for many years 
in the future. 

The chart in Figure 8 shows some of the capabilities of different ap- 
proaches. The “belt” apparatus developed at the General Electric Re- 
search Laboratory, because of its unique combination of 200 kilobar 
pressures and 3000 to 5000°I<. temperatures—plus workable pressure- 
chamber volumes—has thus far provided an excellent diamond-making 
method as well as the research technique with greatest versatility. Super- 
pressure research around the world is now concerned with such subjects 
as the determination of the elastic constants of various materials, the 
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properties of semiconductors at high pressure, nuclear magnetic reso- 
nance in solids and liquids under pressure, the determination of fixed 
points on the high-pressure scale, geochemical and geophysical studies, 
a variety of thermodynamic approaches to the study of activated proc- 
esses under high pressure, and scores of other seemingly esoteric but in- 
herently valuable research objectives. 

In more down-to-earth language, it might be said that—obviously— 
it is possible to put many materials other than carbon into these cham- 
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Fic. 11. Phase diagram for carbon. 


bers and subject them to high pressure and high temperature for long 
periods of time. Such possibilities provide a virtually infinite challenge 
for the research scientist. 

One of the first results of this kind of exploration was a new form of 
boron nitride. Boron nitride, in its common form, has a structure very 
similar to graphite, with boron and nitrogen replacing carbon in the 
lattice. It is a slippery material so much like graphite in mechanical 
properties that it is often called “white graphite.” Boron nitride was 
sufficiently intriguing to prompt Wentorf at our Laboratory to try super- 
pressure techniques on this material. 

The result was spectacular: a completely new material never found in 


MAN-MADE DIAMONDS——A PROGRESS REPORT 407 


nature (Fig. 9). ““Borazon,” as it was named, is in the same range of 
hardness as diamond; as the photograph in Figure 10 shows, it is the 
only material other than diamond that has ever been able to scratch 
diamond. Because Borazon is more oxidation-resistant than diamond, 
we believe it will eventually have important industrial applications. In 
addition to Borazon, more than 20 new forms of matter have been created 
through superpressure research in the one program with which I am most 
familiar. Principally, these are chemical compounds, although in some 
cases they are single elements converted into new crystaHine arrange- 
ments. At present there is considerable scientific excitement in the Labo- 
ratory concerning evidence which points to the possibility of a completely 
new crystal form of carbon. However, this work is still incomplete, and re- 
quires confirmation. In the case of both germanium and silicon, we and 
other workers in the field have identified some new high-density forms 
substantially different from the crystal structure which helps give these 
materials their unique value as semiconductors. 

But this was to be mainly a story about carbon, that many-faceted 
element which is so dominant in science and life. What is the future for 
carbon as we continue to heat it and squeeze it and catalyze it? 

We are gradually learning how to make larger and larger diamond 
crystals—how to control the nucleation of crystal growth and achieve 
bigger single crystals with fewer occlusions and imperfections. We are 
learning how to keep unwanted atoms out of the carbon structure, and 
it seems reasonable to hope that stronger, more perfect crystals will 
result. Finally, we like to look at the phase diagram for carbon in Figure 
11 and dream of the time when we can attain the presently unattain- 
able areas of temperature and pressure. Perhaps carbon will assume a 
new form harder than diamond. In any event, crystallographers can con- 
ceive of atomic arrangements which might put carbon atoms even closer 
together—and more firmly bound—than they are in diamond. The 
result might be—who knows! 
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COMPUTERS AND THE EVALUATION OF 
RESOURCE MANAGEMENT STRATEGIES 


By KENNETH E. F. WATT 


MORE insight into the nature of ecological systems accumulated in 

the last two decades, it has become increasingly apparent that 
problems of managing renewable natural resources could not be solved 
by conventional mathematical means. During the same period, mathe- 
maticians and computer program designers, unaware of the problems 
in resource management, have been developing tools singularly appro- 
priate for the solution of these problems, but for entirely different pur- 
poses. In this paper we shall explain why problems of systems manage- 
ment in agriculture, forestry, fisheries, wildlife management, and epide- 
miology contain characteristics prohibiting their solution using classical 
mathematical optimization techniques. Then we shall show why ap- 
plication of large memory, high speed computers, used in conjunction 
with modern programing aids and dynamic programing, make solution 
of such problems feasible. 


The Immediacy of the Problem 


Until the last few decades, there has been no need for sophisticated 
operations research type studies of techniques of managing resources. 
As recently as the early nineteenth century, for example, the only prob- 
lem in connection with buffalo and sperm whales was how to catch more. 
There were about forty million buffalo in North America, being killed 
at the rate of two or more million a year (Roe, 1951), and sperm whales 
were being killed by the New England whaling fleet at the rate of about 
4300 a year (Hohman, 1928). Similarly with agriculture, since the con- 
tinent was still being opened up, and man was not pressing hard enough 
on his resources for competition from insects to be critical. Trees and 
fresh water seemed to be inexhaustible. 

However, in 1963, the world looks very different. Most intelligent 
people concede that even the most plentiful resources can be depleted 
through over-exploitation, and that pest control is critical. For example, 
by 1910 the world catch of sperm whales had been driven down to 
one hundred and fifty-five (Clarke, 1954), and by 1888, there were about 
one hundred and fifty buffalo left in the U.S. (Roe, 1951). Other resources 
such as fresh water, sardines and salmon are watched with apprehension, 
and insect pests are the object of extremely sophisticated research. 
Particularly if we use trees for gasoline, the worldwide annual growth of 
wood will be exploited as fast as it becomes available. A recent critical 
study predicts that timber shortages will cause a revolution in construc- 
tion techniques in the U.S. by the year 2000 (Lansberg, Fischman, 
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Fisher, 1963). The margin for error in long-term resource management 
planning is vanishing rapidly. 


Characteristics of the Problems 


Problems in resource management are typically identical in structure 
to those the mathematician calls “extremum” problems. That is, we are 
confronted with a complicated system which must be manipulated so 
that some variable of commercial interest is made to take a maximum or 
minimum possible value, subject to various constraints Which restrict 
our ability to control the system, or set economic feasibility limits on the 
controls we can apply. Examples are a fishery, in which the yield of edible 
tissue must be maximized, or a forest, in which we wish to maximize the 
yield of useful lumber by minimizing the depredations of insect pests, 
and the effects of fire, disease, and wasteful inter-tree competition. 

Many difficulties are encountered in the attempt to describe such sys- 
tems mathematically, and manipulate the mathematical models to find 
the values of independent variables that yield the “extremum” value of 
the dependent variable (e.g., maximum yield of fish or trees, or minimum 
survival of insect pests). 

Different types of resource management strategies have fundamentally 
different types of effect in space and time, and this renders difficult com- 
parative evaluation of long-term effectiveness. 

We will illustrate the different types of effects various management 
strategies can have by considering four basic types of strategy available 
for managing animal populations. 

The first, and oldest technique is to effect an ecological change in the 
population itself. That is, we change the open season on deer, stock 
pheasant chicks, kill insects with insecticides, change the minimum legal 
length limit on game fish, or the international numerical quota on whales. 
Examples of newer techniques are electrified barriers to kill downstream- 
migrating lamprey larvae, and sex attractants to lure male moths to 
their doom, or “jam the radar” of the powerful sex scents the females 
emit. Basically, all these techniques are similar, in that their effects do 
not persist indefinitely, and do not disperse or magnify with the passage 
of time. Rather, they are compensated for by animal populations, be- 
cause, if we remove members of a population, this only diminishes the 
intensity of the struggle for existence among the remainder who have 
resultant increased survival and reproductive rates. This is why insect 
pests are still with us, despite decades of treatment by a battery of power- 
ful chemicals. 

A second level of sophistication is represented by the attempt to 
change the numbers of some other organism which attacks the pest, 
game or food species of concern. We may seek to exterminate the moun- 
tain lions which kill deer, or introduce a wasp-like parasite into an or- 
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chard to kill a caterpillar. Aircraft may be used to spray a virus, bacte- 
rium or fungus over vast tracts of forest in order to kill a pest insect. 
These techniques differ from the first group because, in successful cases, 
their effects may spread in space and build up in time for twenty years or 
more (Smith, 1959). Also, if a pathogen, parasite or predator effect de- 
clines, it may flare up again if the pest undergoes rapid population build- 
up. 

An entirely new Pandora’s box opened up with the spectacular control 
of the Florida screw worm by the mass release of radiation-sterilized 
males. Generalization of this notion led to a host of new ideas about 
genetic manipulation of populations. Another example is the planting of 
splake, or speckled-trout X lake-trout crosses, in order to produce a fast- 
growing fish whose habits make it less vulnerable to lamprey predation. 
A more sophisticated notion is to release foreign races of Gypsy moths in 
America, in order to introduce reproductive difficulties of various types 
into the population (Downes, 1959). 

Perhaps the most sophisticated control techniques of all have to do 
with environmental modification. Of course, fertilization of the land, 
ponds, lakes and arms of the sea is a venerable idea (Cooper and Steven, 
1948). However, there are some very new techniques of this class. One is 
to grow plants specially to provide pollen for the adult stages of wasps 
that parasitize phytophagous larvae, thus increasing the carrying capac- 
ity of the environment for the parasites (Townes, 1958). Another idea is 
supported by recent research in population dynamics. Pests are most 
likely to build up to catastrophic densities where there are large, even- 
aged stands of trees of the same species, or only two similar species 
(Morris, 1963). Therefore, we can militate against pandemics by appro- 
priate checkerboard logging operations, or by mixed-tree species plant- 
ings in orchards. 

The availability of all these types of control renders strategy evalua- 
tion very difficult, because we have to compare procedures that are very 
different with respect to the frequency with which they are used, the 
conditions under which they are applied, the type of effect they produce, 
and the speed with which they produce it. Also, the economics of the 
different procedures is very different. Some methods are cheap, but take 
a long time to build up to maximum effect, and hence are best used as 
preventive rather than emergency measures; some methods produce 
spectacular but transitory results, but are sufficiently expensive and have 
enough undesirable side effects to be used only in emergencies. Particu- 
larly if we plan to use mixtures of such techniques, comparative evalua- 
tion is very complex. For example, in forestry it is feasible to withhold 
application of insecticides until a pandemic pest condition must be 
treated if foliage is to be saved. However, biological control agents could 
not be released in adequate numbers fast enough or cheaply enough over, 
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say 10,000 square miles, to be of use in this “emergency, save the foliage” 
type of control. Parasites and predators should ideally be released years 
in advance of a pest crisis, in order to take economic advantage of their 
self-spreading feature. This means that a sensible economic comparison 
is between preventive applications of some kinds of control versus emer- 
gency, short-term applications of other types of control. The implication 
for simulation studies is that we must compare, for various types of con- 
trol, the cumulative sums of control costs and losses due to noncontrol 
over long periods of time, since the different strategies of timing of ap- 
plication do not allow for comparison on a short-term basis. Therefore, 
we need a mathematical model that simulates events over a sequence of 
many years. 

Perhaps the single feature of natural resource management strategy 
evaluation that introduces the greatest analytic complexity is the fact 
that an event at a particular place may be the result of some prior event 
at another place. 

Four examples from different fields illustrate this point. Spruce bud- 
worm populations do not build up at all points in a large area simultane- 
ously. Rather, initial population buildup develops at certain epicenters, 
then high densities radiate out from these epicenters In wave-like fashion 
(Elliott, 1960). Other authors have shown that the epicenters for insect 
pest outbreaks can only develop at certain positions on the surface of the 
earth, and the location of these sites is determined by the interaction of 
topographic, site and meteorological factors (Wellington, 1954a; Welling- 
ton, 1954b.). Similarly, population fluctuations in fur-bearers are not in 
phase over wide areas, but show wave-like effects radiating out from epi- 
centers (Butler, 1953). Catches of sardines off the coast of California in a 
given year are in part dependent upon the number of sardines, spawned 
off the coast of Mexico two years previously, which, in turn, depends on 
behavior of the California current (Sette, 1960). Epidemics in human 
populations often show a characteristic pattern of migration from en- 
demic focal points to distant points on the earth’s surface. Bubonic plague, 
in particular, has repeatedly shown this pattern of slowly spreading 
from oriental focal points to proceed wave-like over parts of Africa, the 
Middle East, Europe, the British Isles and North America (Creighton, 
1891; Link, 1955). 

Therefore, in all these cases we are dealing with a complex historical 
process in which movement through space must be considered as well as 
the passage of events through time. Such processes could be simulated 
using conventional mathematical procedures if only one such type of 
process occurred at one time, and there were no other complications. 
However, several processes are changing through time, not all in phase at 
any position in space, and there are several other complications, as we 
shall explain hereinafter. Therefore, the only feasible way to mimic such 
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processes is to have separate models to mimic each point in space, or each 
square or cube in a two- or three-dimensional grid, respectively. The 
sheer bookkeeping effort involved in computing with such a conceptual 
system is out of the question unless we use an automatic bookkeeping 
system, such as FORTRAN or ALGOL (pseudoalgebraic computer pro- 
graming languages) make available to us. 


Mathematical Problems 


However, ‘the magnitude of the bookkeeping effort required in such 
problems only constitutes the begmning of our difficulties. Several other 
mathematical problems are raised by the following characteristics of 
biological systems. 

(1) A complex ecological system (lake, forest, ocean, or farming area) 
is under the influence of a great many independent variables, all of which 
are liable to interact in subtle and important causal pathways. 

(2) These independent variables may only be important if they oper- 
ate at a certain time. For example, an egg predator or parasite has no 
effect once the host species has reached the Jarval stage; wind and ocean 
currents are critical at certam larval stages in the lives of fish and insects, 
but not at subsequent stages (Sette, 1943). Therefore, problems of syn- 
chronization should be considered in structuring models for use in evalu- 
ating resource management strategies. 

(3) The same independent variable may enter several different causal 
pathways in a complex ecological system, and the end effects of some of 
these pathways may tend to cancel each other. For example, increase in 
temperature speeds development of a host, therefore diminishing the 
period in which it is vulnerable to parasitism; however, the parasites are 
made to search more rapidly by the same temperature increase. 

(4) Inequational constraints must be built into the strategy evaluation 
model for biological as well as economic reasons. All biological entities are 
subject to restrictions of the following type: the organism can eat an 
amount of food per unit time up to, but not exceeding a certain maxi- 
mum; increasing hunger increases the perceptual field within which a 
predator will attack prey up to, but not exceeding a certain maximum. 
Economic constraints arise because we can not control a problem in a 
resource at a cost that exceeds the economic return from the resource, or 
apply control measures to such an extent that economically undesirable 
side effects result. 

(5) Large-scale biological mechanisms often exhibit cumulative effects, 
lags, and thresholds. Consider the case of animals eating perennial 
plants. The leaves of the plant compete for sunshine, so, up to a certain 
threshold level, consumption of the leaves by animals only reduces inter- 
leaf competition, and no permanent harm to the plant is done. However, 
consumption of leaves above this threshold level by animals exerts a 
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deleterious effect on the plants which cumulates from year to year, and 
which reveals its true extent only some years after irreversible damage 
has been done (Belyea, 1952). That is, we have a lag, as well as a cumula- 
tive effect. s 

(6) A most difficult problem in evaluating resource management 
strategies is created by the number of strategies available for evaluation. 
For example, an insect pest can be controlled, in principle, by different 
insecticides, pathogens, parasites, and predators, or by sex attractants, 
genetic modification of the population or ecological modifieation of the 
pest’s environment. Each possible strategy can be applied at one or 
many times, at any feasible level of application, or in any combination 
with one of the other strategies. Consider the problem of managing the 
world stock of whales. What is the best way to distribute effort over 
species and lengths in order to ensure a maximum sustained catch? 
Clearly, some technique is needed for quickly eliminating that large 
proportion of the strategies in any situation which are sufficiently sub- 
optimal to be unworthy of further consideration. 

(7) Many resource management problems are very complex because 
they contain meteorological, technological, and economic components. 


The Power of Computer Simulation 


We simulate a phenomenon whenever it is cheaper than studying the 
phenomenon itself, or infeasible for some other reason to study nature 
directly. Recently, scientists in many fields have discovered the potential 
of mathematical experimentation using large digital computers in con- 
junction with the new pseudoalgebraic languages FORTRAN and 
ALGOL. These languages in effect constitute a new and very powerful 
type of mathematics that incorporates the features of many „different 
branches of mathematics. They can describe functions, simulate logical 
processes, or describe matrix operations, through subscript notation. 
This last feature means that the computer can work with maps of popula- 
tions on which a row X column grid has been superimposed. It is rela- 
tively easy to program the machine to simulate dispersal from one square 
to adjacent squares and whole maps can be printed on magnetic tape in a 
matter of seconds, or fractions of a second. Computers have many fea- 
tures that make them ideally preadapted for solution of large-scale prob- 
lems in resource management. Tables of weather data for half a century 
can be stored in a fast-access memory (access time in the 2~10 msec 
range) and brought out for computing on each year’s simulation in turn. 
Enormously complex relations between animals and the plants they eat, 
and their predators, parasites and pathogens can be simulated easily on a 
machine that does additions in 2-10 msec. 

We shall illustrate typical present applications of computer simulation 
studies to resource management with three cases. The aim in discussing 
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these examples is not only to illustrate the capability of computer simula- 
tion for solving ultra-complex problems in resource management. Also, I 
wish to show that this new way of problem solving has the most pro- 
found implications for the character, organization, financing, and alloca- 
tion of resources in science as a whole, and the education of scientists. In 
each of the three cases to be mentioned briefly, the following points will 
be noticed. 

(1) Research has been done on whole problems, not on isolated frag- 
ments of problems. The four following points are corollaries of this one. _ 

(2) Unlike much scientific work, in which an effort is made to strip a 
phenomenon down to bare essentials, these stmulation studies attempt to 
mimic reality in detail, and therefore are massively complex. Complexity 
is not an issue with a machine that adds in 2 msec, can remember any one 
of 32,000 10-digit numbers in a similar time, and output data at 75,000 
characters per second. 

(8) All three studies are extremely interdisciplinary. The mathe- 
matical models used draw on data from economic studies, legal considera- 
tions, and meteorology, biology, engineering, irrigation, and other fields. 

(4) An immediate implication of the preceding point is that simulation 
studies are typically the outcome of a long period of work by an enthusi- 
astic, tightly organized team within which there is a very high degree of 
cooperation and a real esprit de corps. 

(5) Since the models used are realistic, they consider movement of 
entities through space, as well as changing conditions through time. 
Thus, the fundamental character of the mathematical models used is 
dynamic in a spatial as well as a temporal sense. 

(6) The people who construct the computer programs think and write 
about them in terms of computer languages, such as FORTRAN. In fact, 
the complexity of many of the models, due to their dynamic character, 
constraints, and immensely complex interacting systems would make 
description of the systems difficult or impossible m any other mathe- 
matical language. This point may have the implication that FORTRAN 
or ALGOL will become the Esperanto or Interlingua of science. 

We will now consider three examples. 

The first study was conducted by a team consisting of a lawyer, bio- 
statisticians and economists at the University of Washington, on salmon 
gear limitation in Northern Washington waters (Royce, Bevan, Crutch- 
field, Paulik, and Fletcher, 1963). The role of the legal member was to 
determine if it is constitutional for the federal government and the State 
of Washington to restrict the number of operators exploiting a common 
property resource, if this was done in the operator’s interests. He con- 
cluded it probably was. Therefore, the object of the simulation study 
was to determine the biological and economic effects of restricting the 
number of units of gear fished. An IBM 709 was programed to simulate, 
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in detail, the inland movements of sockeye, pink, silver, and chum salmon 
into the State of Washington and British Columbia waters. The four fish 
species were treated separately, as were four different categories of gear. 
The model mimics the behavior of the salmon with respect to all the 
waters they swim through, and the passage times. The spatial distribu- 
tion of the gear, the length of time it is set, and all economic factors re- 
lated to value of the catch, the operating cost and profit for each type of 
gear in each place were in the model. One thousand separate equations 
were included in the computer program. It was shown thaf the fishery 
would be more profitable if the number of units of gear were restricted. 
An idea of the nature of the results 1s indicated by the following specific 
conclusion. “For example, when the sockeye run was increased to four 
times the standardized level to give a total run of approximately 17,000,- 
000 fish in convention waters and the gear intensity (the amount of gear) 
was reduced to one-half of the present level, the fishery managed to har- 
vest 77.9 per cent of the run.” 

The second study was conducted by the Harvard Water Program 
(Maass, 1962). The team is a large group that, between 1955 and 1960, 
included about 50 people. Information from politics, economics, mathe- 
matics, statistics, power plant engmeering, and other fields was built 
into the computer program, which, as in the preceding case, was written 
in FORTRAN. An IBM 704 computer was used. The problem posed in 
the simulation study was as follows. ‘Given: (1) a certain combination 
of reservoirs, power plants, and irigation-diversion and distribution 
facilities; (2) target levels of irrigation and energy outputs; (3) specified 
allocations of reservoir capacity for active, dead, and flood storage; (4) a 
representative series of monthly runoff values, and 6-hr flows for flood 
months; and (5) a specified operating procedure—then by routing the 
available flows through the reservoirs, power plants and irrigation sys- 
tems for an extended period of years, such as fifty, determine the physical 
outputs and the magnitude of the net benefits created.” The computer 
simulated the behavior of some two hundred and fifty variables, and 
arrived at the optimal operating values for five reservoirs, irrigation and 
energy target values, power-plant capacities, and flood-control storage. 

The third study was conducted by the Statistical Research Service, 
Canadian Department of Forestry, using data from many entomologists, 
foresters, and economists in the Canadian Government, and in collabora- 
tion with mathematicians at the RAND Corporation in Santa Monica 
(Watt, 1964). The object was to find out how best to control an insect 
pest in 10,000 square miles of balsam forest. The program was written in 
FORTRAN and run on an IBM 7090. Included in the simulation pro- 
gram were data on weather conditions over a thirty-five-year period, and 
equations describing the population growth of an insect pest, and its 
inter-relationships with the trees, parasites and pathogens. The operating 
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costs of any strategy selected were computed, as were the losses due to 
lost tree growth and tree mortality. Spread and buildup of parasites and 
disease were simulated. The 10,000 square miles were treated as six 
hundred and twenty five 4 mile x 4 miles squares, for each of which all 
computations were performed separately. Maps showing the distribution 
of pests, parasites, and incidence of disease were printed on magnetic 
tape, along with updated financial statements on timber losses, and 
operating costs of controls at the end of each year. Physiological param- 
eters describing the pests, parasites, and epidemiology of the pathogens 
were included. The results have shed considerable light on the whole 
matter of pest control. 

Thus we see that a powerful new tool is available for solving scientific 
problems in resource management of the utmost complexity. It is to be 
hoped that widespread use of the tool will cause many breakthroughs. 
However, there is a very real problem. Most scientific workers in re- 
source management simply lack the background necessary in mathe- 
matics, statistics, and computing to exploit the new tool. Herein lies an 
enormous challenge for a new, interdisciplinary type of education. Tradi- 
tionally, mathematics courses or science courses with considerable mathe- 
matical content have emphasized problem solution. The great complexity 
of the systems analysis required in resource management strategy evalua- 
tion studies is creating a need for greater emphasis on problem formula- 
tion and systems description. 

In order to particularize the type of education needed, we must look 
rather carefully at the most recent trends In management of extremely 
complex systems. Whether we are talking about optimization of a space 
shot trajectory, flight path selection for an airline, routing of forms in an 
insurance company, the productivity of California deer herds, sardines, 
German. forests, or blue whales in the Antarctic waters, we have certain 
fundamental problems in all cases. One of the most pressing of these is 
the plethora of strategies that are typically available for consideration. 
To this point, I have given the impression that this problem is solved by 
the availability of high speed modern computers. A moment’s reflection 
will show that this is not true. 

We have mentioned that resource management problems are dynamic. 
This implies that we are dealing with complex historical processes. There- 
fore, an action taken now has an effect on the future state of the system, 
which in turn will determine the decision which is optimal at a later time. 
An implication of this remark is that we are not interested in evaluating 
strategies on a “one-shot” basis, but rather we must compare the effects 
of various sequences of policies. To put the matter differently, policy A 
may be better than policy B now, but from the standpoint of the whole 
history of the system, A may only be optimal now if it is followed by B 
next time. Also, policy A may be optimal at time three in a sequence of 
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times, but it may be grossly suboptimal at time seventeen if it has not 
been used before. Consider, for example, insect pest control in a forest. 
If a parasite with the appropriate egg complement, searching ability, and 
intraspecific competition coefficient is released sufficiently early in de- 
velopment of a pest outbreak, releasing parasites may be the optimal 
policy. However, if we postpone action until the pest is in a pandemic 
state, we will not be able to get out enough parasites at reasonable cost to 
control the outbreak. In this case, insecticides would be called for to save 
the foliage on an emergency basis. Clearly, a specific policy may not be 
optimal at all times; some policies are optimal at certain stages in the 
history of a resource, and other policies are optimal at other times. 

The best policy to follow policy A itself may not be A, but B, because 
A may be too expensive to apply repeatedly, or it may not be permissible 
to apply A repeatedly for some other reason. 

Hence, we are forced into comparative evaluation of the optimality of 
sequences of operations over time, not the optimality of “one-shot” 
action. Consider the implications of this for the number of strategies to 
be tested, and the volume of computation required. Suppose we wish to 
explore the consequences of all possible combinations of M factors at N 
levels each over ¢ times. At the first time, we would simulate MN experi- 
ments. For each of these, at the second time, there would be MN experi- 
ments. Proceeding in a simple trial and error fashion, there would be 
(MN)! sequences to compare with respect to their economic return, or 
“nayoff.” For two alternative courses of action tested at two levels each, 
for a sequence of four times, this number is 


(2X2) = 256 


For three alternative procedures, at three levels each, over four times, 
the number is . 


(3 X 3%} = 6561 


Clearly, this matter quickly gets out of hand, and for more realistic 
values, such as M =N =10 and t=50, we are beyond the range of the 
largest computers possible in principle. 

Happily, Richard Bellman, a mathematician of the RAND Corpora- 
tion, saw this problem on the horizon some years ago, and presented us 
with a solution (Bellman, 1957; Bellman, 1961; Bellman and Dreyfus, 
1962). The solution depends on a very powerful principle: the optimality 
principle. This states, “An optimal policy has the property that what- 
ever the initial state and initial decision are, the remaining decisions must 
constitute an optimal policy with regard to the state resulting from the 
first decision.” This means that, at each time, we compute the states re- 
sulting from all possible combinations of policies and levels, and select 
the optimal one. Only this one is used as the input datum for the next 
time interval computation. The computational implication of this princi- 
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ple is that, at each of the ¢ times, instead of considering MN cases for 
each of the MN cases at the previous time, we only consider MN cases 
for the optimal case at the previous point in time. The impossible com- 
puting load of MN’ cases has become MNt cases, a far more reasonable 
number! 

Matters such as these are dealt with in a new branch of mathematics 
called dynamic programing, which is one of a whole new group of mathe- 
matical disciplines included under the general heading of operations re- 
search. Herg is the terrible point however: to my knowledge, no foresters, 
biologists, botanists, zoologists, epidemiologists, entomologists, fisheries 
biologists, range managers, or agronomists anywhere in the world are 
exposed to these subjects as part of their required university training 
program; yet these subjects, hke FORTRAN, are obviously of enormous 
potential value in resource management, which is how a lot of these 
people earn a living. May I respectfully submit that this is a problem 
worthy of serious consideration by the academic community. Clearly, 
there is urgent need for a complete revitalization of teaching programs in 
resource management, so that relevant new trends are included in the 
curricula. 
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MATHEMATICS AND THE LAYMAN 


By F. A. FICKEN 


VERY civilized person must study mathematics m school and, per- 

haps, in college and graduate school. And yet, unless he devotes a 

year or more of well-planned, full-time study to it, mathematics may 

remain for him a disorganized collection of nearly forgotten rules, tricks, 
and curiosities. 

The layman consults physicians, clergymen, and lawyers. He ap- 
preciates directly the accomplishments of engineers, musicians, biol- 
ogists, writers, and architects, but he knows little of what a mathe- 
matician does outside the classroom. There the layman may have 
gathered, moreover, that mathematics is a finished science, that its 
ideas have already been worked far past the point of diminishing re- 
turns. He may imagine that mathematical research involves elaborate 
technicalities with no basic ideas beyond those he has already met. 

Nevertheless, mathematics always engages the most absorbed atten- 
tion of some of the best minds of every epoch. It existed in Greece as a 
well-organized body of knowledge when Rome was a mere village and 
the rest of Europe was populated by pastoral barbarians. Recently, for 
the first time, applicants to the National Science Foundation for pre- 
doctoral fellowships in mathematics outnumbered those in any other 
science. The rate of publication of new mathematical results has more 
than doubled within the past decade and is now expected to treble within: 
jive years. 

Mathematics is an exhilarating intellectual adventure. Mathematical 
thinking has a rather special character and a peculiar appe&l to the 
human mind and spirit. I shall try to convey the flavor of these attrac- 
tions. Let us look first at some mathematical accomplishments. 

Mathematics deals largely with conditional statements, saying ‘“‘if 
this is so then that follows (as a consequence).”’ Even in ancient days 
many scholars believed that the earth is spherical. Assuming this, 
Eratosthenes (240 s.c.) calculated the circumference of the earth; his 
error was less than 1%. Hipparchus (150 3.c.) estimated the distance to 
the moon; the error, traceable to an inaccurate measurement, amounted 
to about one part in seven. 

A mathematical “if—then—” statement may express a physical 
prediction; here are two remarkable mathematical predictions. After 
Newton formulated his equations of motion and law of gravitation, late 
in the Seventeenth Century, the motions of the known planets were 
worked out. As time went on, predictions were improved and observa- 
tions were refined. Comparison between prediction and observation 
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revealed, early in the 1840’s, that the motion of the outermost known 
planet, Uranus, was not quite that predicted by the theory. An English- 
man, Adams, and a Frenchman, Leverrier, working independently, 
speculated that the motion of Uranus was disturbed by a planet of 
unknown. position and size, but still subject to the same general laws of 
motion as the known planets. Adjusting the equations of motion ac- 
cordingly, they concluded by purely mathematical means that the un- 
known. planet would be at a certain place at a certain time. An astron- 
omer looked there then. He was the first to see the planet now called 
Neptune. 

A still more astonishing prediction was made by James Clerk Maxwell 
just over a century ago. He first formulated equations describing the 
mutual interaction of electric and magnetic phenomena. In his equations 
he spotted a resemblance of these phenomena to the vibrations of a piano 
wire or a harp string. He knew that these vibrations have a periodic, 
recurrent character; they are therefore called waves. For purely mathe- 
matical reasons, Maxwell concluded that electromagnetic phenomena, are 
periodic and that therefore electromagnetic waves must exist. He showed 
that visible light consists of electromagnetic waves of certain frequencies. 
He went on to predict that waves of other frequencies would be found. 
Over twenty years later, Hertz, a German physicist, produced in his 
laboratory waves of lower frequencies; they are now called radio waves. 
Soon Marconi began work on the technological problems and we were 
on our way to radio, radar, and television. 

A negative prediction can yield real comfort. Consider the solar 
system. If we disregard the possiblity of intrusion by other celestial 
objects, and if our measurements are as accurate and our assumptions 
as valid as we believe them to be, then we can prove mathematically 
that the*system can never suffer a catastrophe; no two bodies of the 
system can ever collide. 

Simple curiosity prompts questions. The classical problem of “‘tri- 
secting an angle” is to devise a geometric construction which, when 
applied to any angle A, will yield an angle equal ezacily to A/3. Any 
bright youngster can construct an angle of 60°, and this angle is A/3 if 
A is the particular angle 180°. Many approximate constructions will 
yield A/3 from any angle A with an accuracy acceptable for any practical 
purpose. The problem is to construct A/3 exactly for any angle A. But 
there is more, and this is the real nub of the problem. The only tools 
allowed in this classical problem are a compass and an unmarked straight- 
edge. (Archimedes solved the problem with the conditions changed to al- 
low marking the straight edge.) It was not until the Nineteenth Century 
that ideas were developed which made it possible to prove that, if a com- 
pass and an unmarked straight-edge are the only allowable tools, then 
no construction can yield A/3 exactly for every angle A. Curiously 
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enough, the construction is not possible if A = 60°, the simple and 
ubiquitous angle found in any equilateral triangle. 

Our final example is not as technical as it may appear to be. It il- 
lustrates several typical modes of thought and leads to a striking result. 
The “perfect squares’ are the squares of positive integers: 1 (=1?), 
4(=2?), 9 (=37), 16, 25, 36, ..., 100, 121, 144, ... . In ancient days 
mathematicians (and numerologists) were interested in sums of perfect 
squares. The celebrated Theorem of Pythogoras states that if a triangle 
has sides of lengths a and b meeting at a right angle, and the side op- 
posite the right angle has length h, then k? = a? + b*. For example, 
52 = 3? + 4?, But this instance 1s atypical; while h? will always be an 
integer, of course, if a and b are, it may fail to be one of the perfect squares. 
Consider a right triangle with a = b = 1 (say); then 2 = 1? + 17, and 
the integer 2 is not one of the perfect squares. Again, 37 + 4? + 5? = 50, 
which is not one of the perfect squares. 

Let us ask, therefore, which integers can be expressed as a sum of per- 
fect squares. For example, 231 = 13? + 7? + 3% + 2%, The immediate 
answer is trivial; any positive integer n is the sum of n squares of unity: 


n=... +), 


where there are n terms in the sum on the right. As sometimes happens, 
the question was hasty. After looking about a little we observe that if n 
exceeds 4 then four of the terms 1? in the previous sum can be combined 
to form 2?. Similarly, 2? + 2? + 1? can be replaced by 3%. By combining, 
to form perfect squares, as many terms of the sum as possible, we are 
able to express n as the sum of a least number of perfect squares. For 
any fixed n we can obviously determine, by trial and error, the least 
number, call it L(n), of perfect squares whose sum is n. What happens, 
now, to L{n) as n gets large? If n happens to be a perfect square, say 
n = m?, then L(n) = 1; there are arbitrarily large values of n, therefore, 
for which L(n) = 1. At the same time, however, the gaps between suc- 
cessive perfect squares get larger and larger, for (k+1)? —k? = 2k +1 
(e.g., 101? — 100? = 201). It is an appealing idea, therefore, that 
values of n for which L(n) = 1 (or 2, or 3) are exceptional, and that if n 
is allowed to be very large there will be some very large values of L(n). 
A remarkable theorem of Lagrange (1770) states that, on the contrary, 
L(n) cannot exceed 4; every positive integer is the sum of at most four 
squares of positive integers. 

Having seen a few achievements of mathematics, we renew our ques- 
tions. What is the nature of mathematical activity? What is the quality 
of its appeal? To this end we look again at the typical statement “if 
thas then that.” The “this” is the hypothesis and the “that” is the con- 
cluston. The statement says that the conclusion is a necessary conse- 
quence of the hypothesis. 
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Roughly speaking, now, one hypothesis will entail only rather few 
conclusions unless the hypothesis itself is quite elaborate. An elaborate 
hypothesis becomes more manageable if it is broken up into several 
hypotheses. We are thus led to consider the possibility of accepting 
several hypotheses at once and deriving their consequences. Mathemati- 
cians often do this. It is customary to call the hypotheses “axioms” and 
to refer to the conclusions as “theorems.” Taken together, the axioms 
and the theorems they imply constitute an “axiomatic system.” 


Euclidean geometry, as studied in our high schools, is the prototype 
of an axiomatic system. One axiom states that through two points there 
passes exactly one straight. line. Later on we shall say more about an- 
other axiom, the famous “parallel postulate”; in one of many equivalent 
forms it states that through a point not on a line there can be drawn, 
in the same plane, just one line not intersecting the given line. The 
Pythogorean Theorem was quoted in our last example. Another familiar 
theorem is that if two sides of a triangle are equal then the angles op- 
posite those sides are equal. 


In all axiomatic systems, as in Euclidean geometry, consequences are 
deduced from the axioms under the guiding principle that no two con- 
tradictory propositions can be accepted. If an inconsistency does arise, 
then the axioms must be adjusted to exclude it. 

There are, of course, non-mathematical axiomatic systems; Spinoza’s 
“Ethics” is an example. 


Having cited Euclidean geometry as a typical axiomatic system, we 
hasten to enter a strong caveat regarding the status of the axioms. 
Thoroughly empirical in origin, they were at first regarded as self-’ 
evident truths, immediately verifiable assertions about physical ob- 
‘jects. Even Aristotle, however, was prompted to ask what kind of a 
physical object is a “position without magnitude” (point), or a straight 
line that can be “produced to any length?” One can readily imagine a 
plane of unlimited extent, but to realize any such object physically is 
evidently out of the question. The points, lines, and planes of geometry 
are conceptual, not physical. Along with the realizability of the axioms 
we have also lost their ‘‘self-evidence”’ in the physically tangible sense of 
the word. 

General acceptance of this attitude took many centuries. The story 
hinges on the “parallel postulate” mentioned before. This axiom is some- 
how out of character with the others. Euclid himself was reluctant to 
introduce it and, as H. S. M. Coxeter has pointed out, thus qualifies as 
the first non-Euclidean geometer. Many mathematicians devoted their 
most strenuous efforts, without success, to seeking a proof that the 
parallel postulate is a consequence of the other axioms. About 1830, the 
whole situation became quite clear. As seems often to happen, the time 
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was ripe. Three mathematicians (Gauss, Bolyai, and Lobatschewsky) in 
as many countries at nearly the same time, produced entirely consistent 
geometries in which the parallel postulate is false. In non-Euclidean 
geometries it may happen that any two lines intersect, or that through 
a point not on a line there may be drawn more than one lime not inter- 
secting the given line. On the surface of a sphere, for example, the 
“straight lines” are great circles; any two of these intersect twice. The 
non-Euclidean geometries have important applications in a wide variety 
of situations including, for example, navigation, relatiyity, and the 
emerging theory of binocular space perception. 

Beyond these practical applications, the non-Euclidean geometries 
have profound intellectual significance. They destroyed completely the 
idea that there is any “self-evidence”’ about axioms, or any “truth” 
in a physical sense. No matter how empirical in origin or practical in 
purpose, a collection of axioms brings into being a fully-organized con- 
ceptual system having, as von Neumann put it, “a peculiar life 
of its own.” The terms used in the axioms have precisely those prop- 
erties stated in the axioms; no more, and no fewer. A term borrowed 
from popular language takes on a strictly technical meaning. The pop- 
ular meaning of the term may be helpful but often, as with the word 
“imaginary,” it may be completely misleading. In any event, no appeal 
to the popular meaning is permissible in arguing deductively from the 
axioms. 

These conceptual structures, fortunately enough, are extremely useful 
in attacking problems arising in science and technology. Statements and 
questions about a concrete system may use terms and relations which 
can be brought into quite detailed correspondence with the terms and 
relations in some mathematical system. It may then be possible to. 
formulate a purely mathematical problem whose solution cah be inter- 
preted in terms of the concrete problem. It is fairly elear in this context, 
incidentally, what it means to say that “mathematics is the language 
of science.” The aim is to find a mathematical system (now often called 
a model) which reflects the behavior of a concrete system (a physical or 
biological system, or a human enterprise) in such a way and to such an 
extent that study of the mathematical system can yield insight into or 
information about the concrete system. 

By far the richest constellation of mathematical models is found in 
the various branches of theoretical physics. Newton’s laws of motion 
may be regarded as the basic model of the classical mechanics of a 
particle. A body falling freely near the surface of the earth receives a 
constant gravitational acceleration. Strictly mathematical methods 
(very simple methods if air resistance is ignored) can be used to obtain 
from this fact quite precise information about the behavior of the body. 
If we know the height from which it is dropped, then we can calculate 
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its position and speed at any subsequent instant, can find out how long 
it will take the body to fall through a given distance, can predict when 
it will hit the ground and how fast it will then be travelling, and so on. 
Results on the mechanics of particles and rigid bodies are basic to all 
other mechanical studies. They underlie the general theory of dynamical 
systems on which the astronomer bases his precise predictions. In an- 
other direction one arrives at the mechanics of matter which is regarded 
in the model as being continuously distributed; here one studies de- 
formations of elastic bodies and the mechanics of liquids and gases, 
including the picturesque phenomena of compressible flow. In another 
direction one arrives at thermodynamics and the statistical theory of 
heat. Still another path leads to the quantum-mechanical behavior of 
the atom and its nucleus. 

Economics and other behavioral sciences are finding novel uses for 
familiar mathematical models and are requiring, moreover, the develop- 
ment of many new models, including some of quite unexpected char- 
acter. 

Mathematics has been called an “exact” science. Models of concrete 
situations, however, as well as purely mathematical considerations, 
sometimes require thinking that appears to be somewhat inexact. The 
model may lead to several equations for which a simultaneous solution 
is sought. It may be possible to show that (an exact statement) there 
is no solution; then the model is presumed to be an unfaithful reflection 
of the concrete situation and adjustments are contemplated. It may be 
possible to show that the desired solution exists, and even that there is 
no other solution. These are also exact statements. At the same time, 
methods of calculating the solution may be inherently inexact; all one 
can do then is to approximate. At this stage the mathematician must 
try to prove exact statements about Inexactness. He must estimale, 
state precisely his estimate and the conditions for its validity, and then 
give argument establishing its validity under those conditions. If a 
certain process of approximation is used, what is the error? If the process 
can be improved in a systematic way, after how many improvements will 
the error be reduced below some acceptable margin? If several processes 
are available, which one will make the error least? 

Whether or not a solution can be calculated exactly, special interest 
attaches to appropriate questions which, though quantitative, contrib- 
ute to a qualitative appreciation of the behavior of the solution. How 
large can it get? How close to zero can it get? Is it always positive? 
How does it change when various features of the model are changed? 
How sensitive is it to fluctuations of the data from which it is calculated? 
Does it vary periodically with any of the independent variables? 

Because of its myriad applications mathematics is often developed 
for practical reasons. Even when working on a mathematical model of a 
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concrete situation, however, a mathematician spends most of his time 
immersed in mathematics, pausing now and then to verify the relation 
between what he is doing and the concrete situation. When so immersed 
he is largely unconscious of practicalities, attentive only to the mathe- 
matical situation confronting him immediately. This activity would 
proceed equally well, for some time at least, regardless of any practical 
relevance. It is therefore entirely natural that much valuable activity is 
prompted solely by intellectual curiosity, with no reference to any po- 
tential application. The internal strength of the science depends in a 
most essential way on mathematics done for its own sake. 

Time and time again, moreover, purely mathematical results have 
had most unexpected practical value. Ideas which Riemann first broached 
over a century ago culminated a few decades later in the tensor calculus 
of Ricci and Levi-Civita. Devoid at that time of practical relevance, 
this calculus was indispensable to Einstein in his development of the 
theory of relativity, and has also found numerous applications in other 
branches of physics and engineering. It is now widely appreciated that 
vigorous activity in pure mathematics is essential to our national wel- 
fare. 

A mathematician may now seem to be one who formulates systems of 
axioms and studies their consequences by proving theorems. This picture 
is grossly over-simplified. It is true that much significant mathematical 
activity does take place in tidy proximity, so to speak, to some quite 
specific set of axioms. Much more typical, however, is a kind of tentative 
conceptual reckoning. 

A mathematician has in mind a highly organized body of concepts, 
interrelated in patterns of rather intricate subtlety. He finds certain of 
these relations puzzling. He reflects on the situation, probing now one 
aspect and then another. He takes a walk, looks eagerly into ‘the litera- 
ture, writes a few sentences or does a few calculations, stares out of the 
window, picks the brains of students and colleagues, and thinks with 
the absorption peculiar to creative effort. His powers of intuition and 
reason are engaged simultaneously, in a fusion so profound that the dis- 
tinction between them is evanescent. He seeks a hitherto unperceived 
relationship and, simultaneously, threads of argument that can be 
coaxed into a pattern from which the relationship will emerge with that 
indubitable evidence required in mathematics as a credential for ac- 
ceptance. 

Although they do determine the general context, the underlying 
axioms may well be at a great distance, so to speak, from the arena of the 
immediate endeavor. There may be many intervening auxiliary as- 
sumptions, narrowing and specifying the context but, at the same time, 
enriching it to such a level that quite comprehensive elaboration of 
detail becomes possible. Confronted with this welter of potentialities 
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the mathematician ponders tentatively. ‘‘Here are several situations with 
a common feature; how shall I formulate it? Are all those assumptions 
required to prove this result? The desired conclusion is nearly established ; 
can I get it by sharper use of the assumptions I have, or is some further 
hypothesis necessary?” The ultimate product, as it appears in the 
professional literature, usually seems quite reasonable, perhaps even 
natural to the point of obviousness. Such finished elegance results, as 
often as not, from an imaginative, open-ended, catch-as-catch-can, 
creative struggle with refractory ideas. 

A mathematician is therefore a builder of conceptual theories. The 
axioms are the foundation; the theorems are the superstructure. He is an 
architect of ideas. His work is creative, with intense excitement and no 
little agony, resembling in its emotional demands that of a painter, 
composer, or writer. The latter comparison is by no means superficial, 
for to invent and communicate mathematical ideas involves a highly 
specialized linguistic apparatus. This apparatus deserves notice. 

To a layman the symbolism and technical vocabulary of mathematics 
(briefly, our lingo) quite naturally appears to be very formidable in- 
deed. The whole discourse has an occult flavor quite alien to the ver- 
nacular. 

Each discipline has its lingo. Often, however, as for example in biology 
and organic chemistry, much of the jargon is recognizably taxonomic in 
aim and does not dominate the discussion. In such subjects, few ad- 
jectives and fewer verbs and adverbs have technical meanings, and for 
this reason (perhaps) popular presentations may be feasible. But popu- 
larizations of mathematical themes are rare. Even a professional mathe- 
matician may find it genuinely difficult to master enough of the lingo 
of an unfamiliar area to understand current work in the area. 

And yet, it is easy to see how the lingo originates and how indispen- 
sable it is. The axioms contain words or other symbols which designate 
objects whose mutual relations are specified by the axioms. As the con- 
sequences of the axioms are developed, complication mounts and ab- 
breviations become convenient. Precisely designated technical meanings 
are therefore assigned to appropriately chosen words and other symbols. 
One agrees, for example, to say “equilateral” triangle instead of triangle 
“with three sides of equal length.” The symbol “0” has a myriad 
meanings, each perfectly clear in its own context. 

(Added in proof: The September, 1964 issue of the “Scientific 
American” (Vol. 211, no. 3) is devoted almost entirely to mathematics. 
Several of our remarks are anticipated there, often with greater detail. 
A striking illustration of the conceptual necessity of abbreviation is 
given on p. 118 by W. V. Quine. The opening pages of F. J. Dyson’s 
article illuminate the idea of a mathematical model in physics. Suc- 
ceeding papers deal with contemporary models in other areas of science 
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and technology. The last article is devoted to computers, regrettably 
neglected here.) 

Some definitions have a most significant effect. A new concept may 
be constructed by performing upon objects already at hand operations 
consistent with their nature. The construction may be quite complicated, 
applying many established relationships in an arrangement of steps 
shrewdly chosen to yield a desired result. One example is the introduc- 
tion in calculus of the definite integral as the limit of a carefully designed 
expression. Another is the construction of the system of complex num- 
bers from the familiar system of real numbers. The effect of such a defi- 
nition is to create a new object of discourse. By displaying an accepted 
symbol or a single brief designation one focuses attention on the object 
resulting from the construction without having to repeat the construc- 
tion; the name of the object implies every detail of its generation. The 
designation “topological linear space,” for example, brings to mind a 
system whose exact definition from first principles, without accompany- 
ing examples or comment, would require several paragraphs. Such a 
definition is valuable insofar as the new object may be brought into 
illuminating connections with other concepts. Framing such a definition 
is a creative act. 

The words and symbols occurring in the axioms are essential. Further 
lingo is inessential, but indispensable. The words and symbols occurring 
in the axioms are in principle adequate for the development of the sys- 
tem; abbreviations are not logically essential. But we can’t get along 
without them; both thought and communication would be quite be- 
yond our power. As a supplement to the vernacular, the lingo furnishes 
unrivalled power and precision. To shrewdly chosen lingo, indeed, the 
subject owes much of its brilliance. 

The lingo is also an invaluable scientific asset, for it is a principal 
guarantee of that objectivity and general intelligibility absolutely es- 
sential to a science. The words fermé, abgeschlossen, zamknuti, chiusi, and 
closed, for example, have, in equivalent contexts, technical meanings 
that are unequivocally identical; confusion would be inexcusable. All 
this agreement is entirely voluntary, with sanction of no authority 
stronger than the willingness of the individual to participate in the com- 
mon enterprise. 

As a consequence, however, a mathematician can reasonably address 
himself professionally only to a rather private audience, which cannot be 
much larger than that sensitive to esoteric poetry. It is most fortunate, 
therefore, that his livelihood does not depend on patronage, as a creative 
individual, by the general public! 

The preoccupation of mathematics with concepts, and its dependence 
on language and symbolism, exhibit strongly the entirely human char- 
acter of the subject. A. N. Whitehead observes that in mathematics 
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relationships “are exhibited which, apart from the agency of human 
reason, are extremely unobvious,” and that consequently mathematics 
“may claim to be the most original creation of the human spirit” (with 
music a possible exception). 

It will come now as no surprise that, in facing the choices which con- 
front him, a mathematician is influenced strongly by aesthetic considera- 
tions. An eloquent passage of Bertrand Russell’s has justly become 
celebrated. “Mathematics, rightly viewed, possesses not only truth but 
supreme beguty...a beauty cold and austere, like that of sculpture, 
without appeal to any part of our weaker nature, without the gorgeous 
trappings of painting or music, yet sublimely pure, and capable of a 
stern perfection such as only the greatest art can show.” Russell’s ob- 
server is viewing the finished product. The aesthetic quality of the 
product results from a pervasive aesthetic concern in the reflections from 
which it emerged. P. A. M. Dirac has said recently that “it is more im- 
portant to have beauty in one’s equations than to have them fit experi- 
ment.” To see deeply, with starkest clarity, and to demonstrate per- 
spicuously, with the least means and the most comprehensive revelation 
of organized pattern, these incentives activate poet, mathematician, 
and composer. 

The criteria of mathematical validity, on the other hand, are entirely 
public, impersonal, timeless, and devoid of reference to place or human 
condition. Any mathematical proposition is there for all to see. Once 
established, moreover, it endures forever. 

The accumulating bulk is most formidable. Our children now do glibly 
calculations that would have baffled Archimedes (though not for long). 
Older results may be absorbed, of course, into more general newer 
theories. For this reason, and this circumstance is indeed most fortunate, 
it is rarely necessary for a beginner to follow the tortuous phylogenetic 
byways to the present frontiers. We run on paths gouged by earlier 
workers through rock and thorns. 

To round out the picture let us choose only two of the fundamental 
polarities of human behavior and observe the special form they assume 
in mathematical activity. The conflict between emotion and reason is a 
persistent theme in the creative arts. A parallel in mathematics is the 
delicate balance between intuition and deduction. Each of these faculties 
is indispensable to the other. It is an over-simplification to say that in- 
tuition sees the result and deduction supplies the proof, for the result is 
not a result until the proof is complete. The aim is simultaneously both 
to see and to display. 

It is true that emphasis has shifted from time to time. Starting with 
astrology, numerology, and other varieties of mysticism, along with a 
little hard fact learned from the Babylonians, the Greeks developed that 
geometry which was the standard of rigorous deduction for two thousand 
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years. The mathematics of the Age of Enlightenment, by contrast, was 
logically unenlightened. Tackling quite new problems, mathematicians 
of that epoch leaped boldly into the unknown, and it is indeed remark- 
able that unsupported intuition misled so rarely. Rigorous thought 
has disclosed the pitfalls of that day, and there is now rather widespread 
agreement on the complementary harmony that should prevail, ideally 
at least, between imaginative intuition and deductive argument. ‘This 
harmony has by no means been undisturbed; it has been achieved, in 
fact, after several crises in which one partner or the other has been neg- 
lected. Great difficulties arise when either emotion or reason gains ex- 
clusive domination, deaf to the legitimate claims of its companion. 

The other polarity we choose to exemplify is that between freedom ` 
and discipline. The freedom of a mathematician to devise axiomatic 
systems is absolute. Once accepted as an object of study, the system im- 
poses on him an extremely severe control. More positively, he must dis- 
cipline himself to conduct his investigations in rigorous conformity to 
_ the specifications of the system. He has accepted quite definite conditions 
upon the freedom of his magination and, while giving it every encourage- 
ment, he must scrupulously keep it within these limitations. He can go 
back, of course, and change the system, but that amounts to a renewed 
exercise of freedom in choosmg a system. 

In view of the character of a mathematical system, described earlier, 
the nature and force of the discipline it requires of those who develop it 
seem fairly clear. What shall we say of the absolute freedom to choose? 
A system containing an evident contradiction is ordinarily of only patho- 
logical interest. But what is interest? A piece of mathematics is interest- 
ing if it displays new ideas, or new connections between familiar ideas. 
Some insight, some imaginative intellectual substance, is essential. This 
requirement of significance presents a challenge far more profound than 
that of an isolated puzzle or riddle. 

Personal taste comes to the fore. One’s sense of intrinsic content de- 
pends on the evaluation of related concepts and of the entire context. 
Usefulness, again, appeals to some more than to others. Elementary arith- 
metic has very great practical value but negligible mathematical in- 
terest. Military and economic affairs confront us with a host of problems. 
Some seem to be beyond our reach, perhaps still eluding formulation. At 
the opposite extreme, others have yielded to deft applications of rather 
simple ideas. While most mathematicians are interested primarily in 
mathematics for its own sake, many find its practical applications gratify- 
ing and illuminating; a very few don’t care at all. A mathematician 
accepts willingly the discipline imposed by the situation in which he is 
working. His sense of responsibility to himself and to his profession 
usually guide him toward a wise use of the very great freedom still open 
to him. 
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LIQUID HELIUM* 
By LYLE B. BORST 


IQUI helium has amazed physical scientists for more than three 
decades. As a substance, it is so remarkable that a new category 
called quantum liquids was established, of which it 1s the only member. 
By examining liquid helium, we see a new world, different fgom the one 
we know, where quantum phenomena are major effects and are not 
confined to the submicroscopic world of atomie physics. We perhaps 
have our first peek into “looking glass house,” where things are topsy- 
turvy. Superfluid helium may be the first material in which the atom 
plays no part. Superfluid heltum may be an element in the Aristotelian 
sense which is continuous and has no structure. 

Helium, as a gas, shows no surprising characteristics Inconsistent with 
its low molecular weight [1, 2, 3). It will permeate substantial objects, 
the more rapidly the higher the temperature, but this is true in vary- 
ing degree for hydrogen, neon and other light gases. Solid helium, like- 
wise, has relatively few characteristics which are unexpected. But 
hquid helium is a different matter entirely. 

The sizes of gas molecules have long been measured by determining 
the unavailable space during compression. When the free space becomes 
sufficiently small, the gas condenses to a liquid Gf the temperature does 
not exceed the critical temperature). The size of a molecule of liquid is 
what one expects from the gas measurements. In liquid helium, however, 
the density of the liquid is a quarter of that expected, so the molecule 
(or atom, since helium is monatomic) has four times the expected volume. 
The wide spacing of the atoms cannot be explained by classical ‘physics 
and is considered primary evidence of quantum effects. 

In 1923, de Broglie asked: If light waves have particle properties, 
can material particles not have wave properties? de Broglie waves have 
been the foundation for modern wave mechanics. In the case of helium, 
de Broglie waves, extending beyond the atoms, overlap and prevent the 
atoms from approaching each other closely. This wave-overlap pre- 
vents liquid helium from freezing. In this respect, helium is unique since 
it is the only liquid that does not freeze. In order to form crystals, 
helium atoms must be forced together until the intermolecular Van der 
Waals forces predominate and form the ordered lattice. Even at tem- 
peratures of less than 1°K., solidification occurs only at 30 atmospheres 
pressure. 

Liquid helium at its normal boiling point of 4.2°K. is interesting but 
not remarkable. It is transparent and colorless, is a poor conductor of 
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heat, and is an electrical insulator. It has a low viscosity and a low heat 
of vaporization. It is a vexing substance to handle but it is not re- 
markable. As the temperature is lowered, it contracts, as do most sub- 
stances, until the temperature of 2.18°K. is reached. At this temper- 
ature, the liquid suddenly expands. The rate of expansion diminishes as 
the temperature is further lowered until, near 1°K., the rate is zero and 
the normal contraction returns. The transition at 2.18°K., is sudden 
and comprehensive, and marks the boundary between classical and 
quantum fiyids. | 

The very nature of liquid helium changes at the lambda point 
(2.18°K.). Although the liquid is a poor conductor of heat above this 
temperature, below it, it becomes the best conductor we know-—500 
times better than coppr or silver! Generally, good conductors of heat are 
also good conductors of electricity, but helium has no free electrons and 
remains an electrical insulator. Thermal conductivity in helium must 
be of a completely new variety; for its description, a new phenomenon is 
identified: second sound. Above the lambda point, liquid helium is 
constantly boiling, since even in the best apparatus some heat penetrates. 
Below the lambda point, all bubbling stops, for the heat is conducted 
to the free surface where evaporation takes place. This transport of heat 
is best described by the equations of acoustics; and although no one will 
ever hear “second sound,” the term is appropriate. 

Above the lambda point, liquid helium can be stored indefinitely in a 
Pyrex vacuum flask. Below the lambda point, however, the vacuum soon 
deteriorates because helium creeps through the glass. Helium-IT, the 
low temperature form, is a superfluid. It penetrates cracks and holes 
that no other material can find. The unwary apparatus designer who 
leaves a void in his apparatus accessible by superleak, will have an ex- 
plosion ‘when the temperature rises, for pressures of thousands of at- 
mospheres can easily develop. 

Attempts to measure the viscosity of the superfluid lead to con- 
tradictory values. Andronikashvili cleverly demonstrated these 
anomalies by studying the rotation of a series of closely spaced dises im- 
mersed in the liquid. His apparatus consisted of a verticle shaft upon 
which the dises were mounted supported by a torsion fiber, so that the 
system could oscillate much as the balance wheel of a watch. He noted 
the period of oscillation in air and, knowing the characteristics of his 
fiber, determined the moment of inertia of his system. If the same 
measurement were made in a viscous liquid (like salad oil) the moment of 
inertia would be that of the shaft, the dises, and the oil between discs. 
In helium above the lambda point, the liquid was carried by the dises 
and showed the expected density. At a temperature near 1°K., however, 
no helium was carried. Apparently the liquid showed zero viscosity, 
for it did not reflect the motion of the nearby discs. As the temper- 
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ature was raised, various fractional densities were observed until ‘the 
full density was reached at the lambda point. The term ‘normal com- 
ponent” was applied to the fraction of the liquid which rotated, whereas 
the remainder was termed the superfluid component. 

If two branches of a U tube be connected by a capillary and if one 
branch be filled higher than the other, the liquid levels will oscillate over 
minutes or hours until they become equal. No such phenomenon is 
known except in liquid helium below the lambda point. The explanation 
given is that the normal component cannot pass the capillary and that 
the superfluid passes back and forth, changing the composition and the 
temperature. If, then, one branch is heated, the composition of the fluid 
will change and the superfluid will move toward the high temperature 
side, producing a pump. This appears to be a violation of natural laws 
akin to perpetual motion. When, however, the applied heat is included 
in the thermodynamics, the system becomes a heat engine, without 
working parts, in which heat is converted directly to mechanical work. 
Now if the hot branch has a restriction, hydraulic pressure is produced 
and liquid is projected to form a fountain when the liquid reaches this 
point. This fountain continues to play as long as there is helium in the 
system and the two temperatures are below the lambda point and are 
unequal. 

When an open-topped container filled with liquid helium is suspended 
above a pool of liquid (always below 2.18°K.) it will slowly empty it- 
self. This emptying is not due to diffusion through the wall. This hap- 
pens in any shape container made of any material. The liquid wets any 
solid, creeps up the wall, and overflows to drip off the bottom. Again, 
this is a quantum phenomenon not found in other substances. The 
“velocity of creep” is nearly independent of the nature of the container 
and its height, the rate of flow depending primarily on thé wetted 
perimeter. 

In contrast to heltum-4, the rare isotope, helium-3, shows none of 
these remarkable superfluid characteristics. Helium-3 was first studied 
in order to throw light on helium-4; however, it soon showed such re- 
markable behavior that it is now studied in its own right. In heltum-3, 
there is an anomaly in thermal expansion but of a very different variety. 
Helium-3 is paramagnetic. Although helium-4 and helium-3 are isotopes, 
they are more unlike than any other pair of isotopes. In fact, they are 
so different that, when a solution of equal parts is cooled below 0.9°K., 
the liquid separates into two phases. The heavier, the helium-4-rich 
phase, shows superfluid properties, somewhat suppressed. The lighter 
helium-3 phase shows no superfluidity. Again these differences are of a 
quantum nature. Helium-4 has even particles in its nucleus, two protons 
and two neutrons whereas helium-3 has odd, two protons and one 
neutron. Odd and even numbers in quantum mechanics are given the 
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most profound importance. The statistics first proposed by Bose and 
Einstein apply to light and generally to systems having even character- 
istics. Fermi and Dirac developed statistics particularly appropriate 
to the electron and to systems with odd characteristics. Helium-4 uses 
the mathematics appropriate to radiation problems and helium-3, the 
mathematics of electric systems. 

Quantum mechanics is usually considered as a highly mathematical 
branch of theoretical physics divorced from everyday experience. 
Historically, {his has certainly been true; still, there are quantum prob- 
lems in our world which have the salient quantum features and which 
differ primarily in scale from atomic systems. As an illustration, let us 
take the problem of traffic in a city. In order to simplify the problem we 
shall assume the blocks to be square and of identical size. A common 
size 1s eight blocks to the mile. Now let us assume that there is a traffic 
light at every intersection. All lights turn green in a north-south direc- 
tion simultaneously and 30 sec later turn green east and west. At what 
speed can cars travel in any direction without being stopped by a red 
light? If a man driving north covers a block in just 1 min, lights will 
turn green as he approaches, however far he drives. His velocity will 
be: 


v = d/t =% mile per minute = 7.5 mph 


South-bound cars can travel at this speed also and so can cars traveling 
east and west! 

Is this the only solution to the problem? A car driving faster than 7.5 
mph will inevitably be stopped by a red light. If it travels at half this 
speed, it will cover a block in 2 min. At one-third the speed, in 3 min, 
etc. So the complete solution is 


‘ 7.0 
vu 


with n an integer. The quantum number n is a consequence of the uni- 
formity of the street grid. Quantum numbers in atomic problems appear 
in like manner whenever periodicity occurs. 

Such quantum numbers also occur in acoustics. In the case of the 
violin string they are called harmonics. If the string vibrates as a whole 
then n = 1 and the tone will be the fundamental. Another tone an octave 
higher can be obtained by damping the string at its midpoint. The 
string vibrates in the form of an S with stationary midpoint and n = 2. 
The third harmonic is an octave and a half above the fundamental. 
In this case the string vibrates in three sections. So, n can therefore take 
any integral value. In the case of a string of beads, however, n can take 
values only to the number of the beads, N, for the Nth harmonie will 
represent adjacent beads oscillating in opposite directions. 

The timpani or kettle drum is a two dimensional vibrating membrane 
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which shows similar quantized overtones involving two independent 
quantum numbers. 

Vibrations of a three dimensional solid require three quantum num- 
bers Nz, Ny, Nz, of exactly the same nature. The only musical instrument 
based upon vibrations of a massive solid is the musical anvil—a most 
limited instrument. In the atomic realm, however, the theory of acoustic 
vibrations of a crystalline solid gave rise to a scientific achievement which 
will stand through the centuries. In 1912 Debye studied this problem 
by counting the number of vibrational modes or harmonicgas a function 
of the quantum energy of the vibration. He obtained an expression for 
the internal energy and heat capacity which has been the cornerstone of 
our understanding of the solid state. He determined that the heat re- 
quired to raise the temperature of a given mass of solid one degree must, 
vary as the cube of the temperature, if the temperature is sufficiently 
low. As the temperature rose, higher values of n occurred so that as the 
quantum number n approached the number of atoms N, as in the case 
of the beads on the string, no new vibrations were possible and the theory 
became that of a classical substance described by the law of Dulong and 
Petit. 

Liquid helium shows the characteristics of a Debye substance below 
0.7°K. and above 3°K. Between these temperatures we have the tre- 
mendous anomaly in heat capacity and thermal expansion. The normal 
component of Andronikashvili correlates perfectly with the internal 
energy of the anomaly. The nature of the superfluid, the nature of the 
anomaly, and the nature of the lambda transition are the perplexing 
phenomena that a satisfactory theory must explain. 


Current Theories 


Many theories have been proposed, differing in their starting point 
and emphasis. No current theory gives a satisfactory explanation of all 
phenomena so that the problem is by no means solved. 

The first general theory was that of Landau, first proposed in 1941 
and modified in 1947 [4]. He considered the rotation of the whole liquid 
to be a quantum phenomenon and derived a relation between the energy 
and momentum of these quantum states or excitations. He named his 
excitations rotons in contrast to the acoustical excitations called phonons.’ 

In Figure 1, energy is plotted vertically and momentum horizontally. 
The rate of change of energy with momentum measures a velocity, so 
the slope of the curve represents the velocity of sound. Phonons have a 
velocity independent of their energy so that they are represented by the 


1 In quantum mechanics waves and particles are equivalent so for each particle 
there must be a wave and for each wave there must be a particle, e.g., in electromag- 
netic radiation for each light wave there is the particle called the photon; in acoustics 
for each sound wave there is the particle called the phonon. 
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straight line through the origin. Landau’s rotons show a parabolic re- 
lationship and are represented by the dotted curve. 

This assumed excitation permitted Landau to fit the experimental 
heat capacity to 1.6°K., using three empirically determined constants. 
The same three constants were used to fit the normal component as well. 
Landau and other workers have adapted the theory to a wide variety of 
phenomena involving the superfluid. It has been a most constructive 
and useful theory and has been the basis for most experimental investi- 
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Fig. 1. Dispersion relation between the energy of an excitation and the momen- 
tum. Dotted line, Landau roton; continuous line, experimental results of neutron 
scattering; dashed line, proposed theory. 


gations. Generally speaking, the superfluid component has a negative 
definition. It is the absence of rotons, 1.e., the absence of the normal 
component. Below 0.7°%S., liquid helium shows no excitations other than 
phonons and can be described by the Debye theory. This is also true of 
solid helium and of liquid helium near its normal boiling point of 4.2°K. 
where there is no evidence of superfluidity. Landau gives no physical 
interpretation of the lambda point except as the temperature at which 
the normal component reaches 100% (and the superfluid concentration 
becomes zero). 

A more recent interpretation of superfluidity has been given by 
Feynman [5). He points out that the excitations are of two kinds, one of 
long wave length involving the coordinated, coherent oscillations of 
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large numbers of atoms (phonons), the other of higher energy and shorter 
wave length involving the motions of a small number of atoms (rotons). 
He considers the ultimate theory derivable from the proper Schroedinger 
wave equation. In the absence of this equation, he tries various wave 
functions and chooses that- representing a vortex or smoke ring as the 
model having properties most like rotons. He obtains a dispersion curve 
(the relation of energy to momentum) similar to that found by neutron 
scattering. He associates the superfluid with the absence of molecular 
size excitations, vortices or rotons. Again there is no physical model 
of the lambda transition. 
Cell Theories 


A new theory to justify consideration must either (a) give a 
rigorous relationship between observations and a set of well de- 
fined postulates or (6) explain and relate observed phenomena in a new 
light, encompassing a wider range of observations and showing new 
relationships. The present proposal cannot yet be derived from the 
Schroedinger equation, although this is anticipated; nevertheless, it 
does interpret experimental observations quantitatively in a totally 
new light.* 

de Boer t) and Temperley (7) have independently proposed cell 
theories of liquid helium. Atoms are considered in pairs, free to rotate 
within a sphere defined by their neighbors. The two kinds of excitations 
are then the coordinated motions of the centers of gravity of many cells— 
the acoustic modes or phonons, and the rotational states of the diatomic 
rotors within the cell. The Schroedinger equation can be expressed and 
solved subject to the adiabatic approximation, Le., that rotation does 
not affect vibration and acoustic vibrational modes are not coupled to 
the rotations within the cell. The results are the vibrational modes of 
Debye theory and a set of equally spaced rotational states of the diatomic 
rotor. This theory gives a clear differentiation between helium-3 and 
helium-4, since helium-3, having an odd number of particles in the nucleus, 
will show all rotational quantum numbers whereas helium-4 will show 
only even values (J = 0, 2, 4). The absence of rotation (J = 0) will be 
the lowest state where only phonons exist and will be associated with the 
Debye liquid for T < 0.7°K. Experimentally, the odd-even relationship 
accounts roughly for the fact that anomalies in helium-4 occur in the 
1-2°K. temperature range whereas in helium-3 they occur at 0-0.3°K. 
A critical examination of experimental data does not, however, disclose 
evidence of well-defined rotational levels. The weak coupling (adiabatic 
approximation) between rotation and vibration would seem to be in 
question. 

The present proposal is a strong coupling theory in which vibrations 
and rotations are thoroughly and indistinguishably mixed. Since an 
~ * Note added in proof: A derivation from the Schroedinger equation has now 


been. completed along lines somewhat different from those of the appendix. It will 
be published shortly. 
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Fic. 2. Temperature dependence of thermodynamic variables. Circles, experi- 
mental data; continuous line, proposed theory; dot-dash, Landau theory; dash- 
double-dot, Debye theory. Top, heat capacity; center, normal component; bottom, 
density. 


j 
analytical derivation from the Schroedinger equation has not yet been 
obtamed, an approach is taken as an extension of Debye theory. In 
Debye’s theory, the modes in the z, y, and z directions are thoroughly 
and completely mixed or coupled by assuming arbitrary and unrelated 
values of n,, n,, and n,. A vibrational mode is described by any three 
values of n. The T? heat capacity results from this assumption. Roughly 
speaking, the experimental heat capacity of helium below 2°K. varies 
as the fourth power of the temperature. A four dimensional Debye 
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theory therefore gives rough agreement with the data. If now the fourth 
dimension is related to the rotational mode of the diatomic pair, a non- 
homogeneous space is defined which acts like three dimensions at low. 
temperature (where J = 0) but four dimensions at higher tempera- 
tures (where J = 2 is populated). Complete representation of the heat 
capacity and of the normal component can be achieved to about 2°K. 
well beyond the region of validity of the simple Landau theory (Fig. 2). 


.2 A x, & 8 


Fig. 3. Phase diagram helium-3 helium-4 solutions. Atomic fraction, helium-3 
plotted horizontally. Upper lme, calculated lambda temperature; dashed line, ob- 
served lambda temperature. Lower line, phase separation boundary. 


The density of the liquid can be fit to 2.12°K. if an additional assump- 
tion is made that the J = 2 state has a density 1.2% greater than the 
Debye liquid?. 

The range of validity of the Debye theory is limited to temperatures 
for which the number of acoustical modes (phonons) does not exceed the 
number of atoms or molecules. The present theory gives a similar set of 
countable states (involving rotation as well as vibration). When one 
equates the number of modes to the number of molecules, a temperature 
of 2.7°K. is obtained which represents the upper bound of the theory. It 
~ 2Jn the case of liquid hydrogen, the high temperature form (75% ortho, 25% 
para) has a density 0.5% greater than the pure para (J = 0) form. Thermal ex- 


pansion will therefore not vary as T? but will reflect the ortho-para composition at 
equilibrium at each temperature. 
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is believed that 2.7°K. is the theoretical value of the lambda temperature 
(2.18°K. by measurement). The theory cannot be valid above this tem- 
perature. 

The proposal requires the consideration of pairs of identical helium 
atoms. No permanent binding is necessary since only quantized rotation 
is required, the nearest neighbors defining the cell. The nearest neighbor 
distance is therefore assumed for the diatomic rotor. If helium-3 is added 
to the liquid, He*-He? pairs form, thereby reducing the number of Heʻ- 
He‘ pairs. If the number of modes is now counted to the number of Het- 
He‘ pairs expected, the lambda temperature is found as a function of 
helium-3 concentration. A comparison with experiment (Fig. 3) shows 
the form and the slope to be correct but, since the theory predicts 2.7°K. 
for pure helium-4, the lambda temperatures are uniformly high. Support 
for the consideration of atoms in pairs results also from a study of the 
Andronikashvili experiment in He*-He‘ solutions. The concentration of 
the superfluid component extrapolated to zero degrees will be 100% for 
pure helium-4. In solution, these extrapolated values diminish twice as 
fast as would be expected for monatomic constituents, but quite in 
accord with the assumption of paired atoms. 

There is at present no adequate explanation of the lambda point. It is 
considered to be a “second order’ phase transition, and is virtually 
unique among liquids. In solids, similar discontinuities are common and 
are associated with a change in the crystalline structure. Since liquids 
have no crystalline lattice, this explanation is not permissible. A transi- 
tion of the same nature was observed in liquid sulfur at 160°K. during 
the nineteenth century (Fig. 4). Here, the molecular structure has been 
well characterized both above and below the transition temperature. The 
transformation is one of polymerization from an eight membered ring 
(the lambda form F< 160°C.) to a linear polymer of large molecular 
weight (the mu form T> 160°C.). The heat capacity becomes large and 
has the same character as liquid helium although reversed in the sense of 
temperature. By analogy, we can say that the hquid becomes increas- 
ingly ordered as the transition temperature 1s approached, in sulfur by 
increased molecular weight of the polymer; in helium by increased num- 
ber of rotation-vibration coupled modes. The ordered state becomes 
thermodynamically unstable and transforms into the simpler form: in 
sulfur the eight-membered ring; in helium the monatomic liquid. 

The lambda point is therefore identified as a dissociation temperature 
for the paired states. This occurs near the temperature at which the 
number of modes equals the number of molecules. Above this 
temperature the liquid is monatomic, again showing the character of 
a Debye liquid, but lacking the character of a quantum liquid. There ap- 
pears to be a dissociation energy of 1.2 calories per gram—one-fifth the 
normal heat of vaporization. 
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The remarkable achievements of Landau’s theory stem from an as- 
sumed relation between the energy and momentum of his excited (roton) 
states. A major accomplishment, predicted by Feynman, was the meas- 
urement of this relation by the inelastic scattering of neutrons. An ex- 
amination of Figure 1 shows why Landau’s assumption was constructive, 
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Fig. 4. Phase transition in liquid sulfur. Above, heat capacity; below, composition, 
per cent low temperature form (lambda). 


for the states near the minimum are those which have roton character. 
Deviations from the low energy, low momentum phonon states are not a 
part of Landau’s theory, but are an important aspect of the present 
proposal. 

It is therefore important to derive the dispersion relation from the 
helion (strong coupled cell) theory. This is done by assuming that both 
the roton and helion excitations give alternative and correct expressions 
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for the internal energy. These expressions are equated and common 
factors are cancelled to give a relation between the excitations of classical 
statistical mechanics and the helion. A fixed value of Debye’s relative 
coordinate (x = hv/kT) is introduced and the resulting expression gives 
an excellent fit of the observed curve up to the minimum. In this formula- 
tion, the minimum corresponds to the lambda point at which the number 
of modes equals the number of molecules and dissociation occurs. Beyond 
this minimum only phonons will exist—a reasonable interpretation of the 
empirical data. 

The theory suggests that the minimum of the dispersion curve is 
another expression of the dissociation occurring at the lambda tempera- 
ture. If this be true, then the minimum of the dispersion curve should 
follow the lambda temperature as a function of applied external pressure 
and in He*-He?’ solution. 


Interpretation 


Liquid helium is a Debye liquid at the lowest temperatures. 
As the temperature is raised, acoustical modes are excited, giving 
rise to the T? dependence of the heat capacity. The de Broglie wave 
length is long compared to any characteristic dimension, and the theory 
can be considered that of a continuum. As the temperature approaches 
1°K., the de Broglie wave length is approaching atomic dimensions. The 
longest constructive dimension in the system is the circumference of the 
orbit of rotation of an atomic pair (5.8 A). Since the nearest neighbor 
distance (3.7 A) is large compared to the size of the atom (the effective 
diameter of the electron cloud of the helium atom is 2.7 A) and no well- 
defined lattice exists in the liquid, the diatomic pair can be considered 
enclosed in a spherical potential defined by the nearest neighbors. Quan- 
tized free rotation will then be excited after the manner of the rigid rotor. 
The first rotational state occurs at 5.1°K., comparable to the energy of 
the vibrational states (phonons) and cannot exist at equilibrium in the 
absence of phonons. The rotational and vibrational states are therefore 
assumed to be strongly coupled. As the temperature approaches T., 
more and more pairs are excited until all atoms are participating. The 
number of modes then equals the number of molecules. The addition of 
further energy causes dissociation to the monatomic liquid, reverting to 
the Debye liquid with conventional heat capacity and expansion. 

The superfluid appears to be a state of complete quantum-mechanical 
repose. At the absolute zero of temperature, no vibration nor rotation 
occurs. At finite temperature, the superfluid is that fraction of the liquid 
associated with neither acoustic nor rotation-vibration modes. The de 
Broglie wave length is long compared to any atomic dimension (15 A at 
1°K.) and the liquid can be treated as a continuum. In this state, one 
can question the utility of the atomic theory, since the liquid appears to 
be structureless. It can penetrate openings of less than atomic dimen- 
sions. The flow of the liquid as a film may be considered as a consequence 
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of this structureless character. An atomic liquid will have a boundary at 
which the density of atoms suddenly changes or becomes zero. If the 
liquid is structureless, a boundary is a paradox. At the edge defined by 
liquid, solid, and vapor, the liquid would appear to respond -by creeping 
over the solid and the paradox of the edge of a continuum will be avoided. 
The Andronikashvili experiment is understandable in terms of the con- 
tinuum, for viscosity is explained by a finite free path which carries atoms 
into the flowing fluid. If, however, no atoms are present in the continuum, 
no mean free path is possible and no momentum can be transferred. 

This theory of excited states would seem to be general for monatomic 
noble gases, limited only by the freedom of the paired atoms to rotate 
in the cell of their neighbors. Helium-6, a radioisotope of 0.8 sec half life, 
would surely form a superfluid if prepared in high concentration. An 
estimate indicates that the lambda point of the pure material would be 
expected near 1.5°K. The next heavier noble gas is neon of atomic weight 
20. The de Broglie wave length would be less than half that of helium at 
a given temperature and the quantum mechanical wave interference 
would be expected to be considerably less. The combination of smaller 
nearest neighbor distance and greater atomic weight gives a rotational 
constant one-quarter that of helium, so that the Debye fluid, if it forms, 
would be found only below 0.2°K. The existence of a lambda point can- 
not be predicted with assurance since the rotational state falls below the 
temperature at which Debye modes are numerous and the requirement 
for strong coupling may not pertain. Moreover, the theory is that of a 
liquid with no long range order, so liquid neon would have to be super- 
cooled below its normal freezing point of 25°K. If, however, this experi- 
mental difficulty can be overcome, superfluid characteristics might well 
be observed at temperatures of a few tenths of a degree. 


Conclusion 


A new theory is proposed as an extension of the Debye theory in which 
pairs of atoms are assumed to rotate and these rotational excitations are 
strongly coupled to the acoustical vibrations of the Debye theory. The 
rotation-vibration excitations, called helions, are analogous to the rotons 
of Landau and the vortices of Feynman. They account quantitatively for 
the thermodynamic anomalies in liquid helium, predict a lambda point, 
account for the lambda point in He*-He‘ solutions, and give a dispersion 
relation of the observed form. The superfluid is that fraction of the liquid 
corresponding to neither acoustic nor vibration-rotation excitations, or 
that fraction in the zero momentum or ground state. As such, the super- 
fluid is a continuum and its characteristics imply the absence of discrete 
atoms. 

The support of the National Science Foundation during the early part 
of this study is gratefully acknowledged. 
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Appendix 

Strong coupling is assumed because the assumptions of the adiabatic 
approximation are not fulfilled. The acoustical velocity is 240 meters per 
second as compared to the velocity of helium atoms in the J = 2 rota- 
tional state in a 3.7 A diameter orbit of 170 meters per second. These 
velocities do not differ sufficiently to justify weak coupling. 

In the present theory, strong coupling is achieved by considering an 
inhomogeneous space of four dimensions in which the three equivalent 
axes are Debye coordinates but the fourth is associated with rotation of 
atoms in pairs. A four dimensional spheroid has the formula: 
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The volume of the spheroid is 
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and the differential volume with respect to b is 


dy = s q*ab?db 
Debye theory gives b = 2 v/c where c is the velocity of sound, and » is 
the frequency of the acoustical mode. The number of cells available 
becomes 
12ra y? dy 


dZ = 


and the internal energy per mole is 
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dU = ehy/kT — | 


where V is the molecular volume, h, Planck’s constant, k, Boltzman’s 
constant and 7 the absolute temperature. 

The expression for a is taken from the energy of rotation of a diatomic 
gas and is the fraction of the molecules in rotation multiplied by an inte- 
ger presently assumed to be JW + 1) 


(27 + Lje- I + B/kT 


Jaa O (2J + DerIU-DB/kT 
J =0,24 


a = J(J +1) 


B is the rotational constant h?/8 r?I with I the moment of inertia. J is 
the rotational quantum number which for homonuclear atoms with zero 
nuclear spin is confined to 0, 2, 4,.... In nearly every instance, contribu- 
tions from J = 4 and larger are trivial so a may be approximated by 
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a = [+ 5e—6B/kT 
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The low temperature approximation of Debye may be assumed since Ty 
is one-tenth the Debye temperature. The internal energy and heat capac- 
ity of the helion anomaly then become 

24r V kT? e—6B/kT 
~ h L H Be~6B/kT 
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U = 
C= a 


To this helion heat capacity must be added the Debye (phonon) con- 
tribution which will predominate below 0.7°K. but which is not signifi- 
cant above 1°K. 

Empirical constants entering the expression are the molecular volume 
(55 em?/8 gm mole), the velocity of sound (237 m/sec) and the nearest 
neighbor distance (3.7 A) which enters the moment of inertia of the rotor. 

The normal component is accurately correlated with the internal 
energy. Landau derived an expression for the density of the normal com- 
ponent p, = 4U/3c? where c is the velocity of propagation of the excita- 
tion: for phonons, the velocity of first sound; for helions, the velocity of 
second sound (18.5 m/sec). 

The number of helions may be calculated 

dN = art dZ 
If the low temperature approximation is used, the integrated expression 
becomes 


2.404(360)V kT?  e—6B/kT 


vs ons 1 + Se—6B/kT 


If N is Avagadro’s number, a temperature of 2.7°K. is obtained analo- 
gous to the Debye temperature (20°K.). This is identified with the 
lambda point. In a solution of helium-3 in heltum-4 only He*-He‘ pairs 
can show the postulated quantized rotation. If pairs occur statistically, 
the concentration will be proportional to the square of the mole fraction 
Nu = XN. The calculation of Ny gives a curve of T, as a function of 
mole fraction. (In this calculation J = 4 may be detected for nearly pure 
helium-4.) 

The density of the liquid can be calculated by assuming a perfect solu- 
tion of two components, the Debye liquid and the roton or helion com- 
ponent, differing in intrinsic density by 1.2% but having the same expan- 
sion coefficient (a = 7.5 + 1074 T3). 

To obtain the dispersion relation, the expression for the internal en- 
ergy of this theory 1s equated to the classical expression 
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Since the limits of integration are identical, the integrands may be 
equated in the approximation of Boltzman statistics, 


ee /kT = (1 + 32a)hve —he/kT 


Debye’s relative coordinate x = hv/kT is introduced together with an 
additional adjustable constant alpha 


eg ~exx/h = € + ore i Jhve-as 

If x is assumed constant, the frequency » is formally analogous to the 
temperature in the earlier expressions. Since frequency is proportional to 
momentum, momentum states will contribute in sequence to the energy. 
Again these momentum states may be counted to Avagadro’s number so 
that the lambda temperature should have an equivalent momentum. 
The minimum of the dispersion curve at 1.95 A~? is therefore identified 
with the lambda point at 2.18°K. This permits the evaluation of the 
constant x as 16.5, a value which gives a good fit where the curve departs 
from the phonon line. The theoretical fit in Figure 1 is achieved with z = 
18 and a = 0.3. No a priori justification can be given for this value of 
alpha, at this time. 
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A DECADE OF MOTIVATION THEORY 


By D. E. BERLYNE 


A CONSPICUOUS part of contemporary psychology consists of what is 
coming to be known as ‘motivation theory.” This term does not 
denote a coherent system of axioms and theorems, as ‘“‘set theory” and 
“special relativity theory” do, or even to the extent that atleast parts of 
“learning theory” do. Some psychologists regard motivation theory as 
indissociable from learning theory and place them both within “behavior 
theory.” Others would be more inclined to annex motivation theory to 
“personality theory.” Motivation theory consists of an area of inquiry, 
and, although it would be hard to obtain agreement on where precisely 
its boundaries lie, its territory is demarcated by questions rather than 
by answers. 

For some time after the launching of psychology as a scientific disci- 
pline, experimental psychologists did their best to manage without moti- 
vational concepts and did not feel their lack. The earliest pioneers were 
interested largely in eliciting descriptions of the conscious experiences 
produced in human subjects whose sense organs were being exposed to 
particular kinds of stimuli or who were engaged in particular kinds of 
tasks. Motivational problems arise in these situations as elsewhere, but 
they were masked by the ease with which verbal instructions or requests 
can generate artificial motives in human subjects, especially when they 
are colleagues or graduate students of the experimenter, as was often the 
case in those days. A little later, men like Watson, Thorndike, and Pavlov 
began to seek laws governing behavior, begmning with the simplest 


forms which could most conveniently be studied in animals. They like- . 


wise felt no need to consider the motivational condition of the organism, 
being content to analyze behavior in terms of “reflexes” or stimulus- 
response “connections,” which meant relatmg muscular and glandular 
reactions to events in the external environment. Two of their contem- 
poraries, Freud and McDougall, having become involved in abnormal 
psychology and in social psychology respectively, were brought face to 
face with some of the dramatic extremes reached by behavior outside the 
laboratory and felt compelled to denounce the vanity of attempting to 
explain animal or human actions without reference to “urges,” “in- 
stincts,” “purposes,” “goals,” ete. 

Psychologists primarily interested in individual differences and 
personality were readily converted to this way of thinking. Experimental 
psychologists were more resistant, but, by the beginning of the 1930’s, 
which is the time when the early behaviorism of Watson gave place to 
the various brands of neo-behaviorism, they too had absorbed the lesson. 
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The contentious concept of “instinct? had been replaced by the less 
provocative concept of “drive,” a term apparently first taken over from 
mechanical engineering but later used in the plural under the influence of 
the German word “Triebe” (the word that Freud’s translators rendered 
as “instincts’”’). Various techniques for measuring the strength of drive 
(or drives) experimentally had been introduced, and several experi- 
menters had demonstrated that even the simplest forms of animal learn- 
ing are profoundly affected by the motivational condition (drive level) 
of the subjeet. Theoreticians like Holt, Tolman, and Hull had devised 
ways in which the purposive, goal-striving nature of behavior could be 
acknowledged and yet treated in full conformity with the canons of 
scientific discourse. They studied the effects of motive and drive level 
as factors that fluctuate from moment to moment in the life-history of 
one individual. Personality theorists were more concerned with ‘mo- 
tives” or “needs” as persistent factors varying from individual to in- 
dividual. 

To attack motivational problems means to seek factors that govern the 
organism’s degree of alertness and activation, that bias the organism 
towards certain forms of behavior, and that determine what events will 
provide reinforcement for learning processes and how effectively. This 
might seem to involve three distinct groups of problems rather than one 
psychological topic. Nevertheless, the three groups appear to be inter- 
related and are commonly treated together, because the best known drive 
states, e.g., hunger and fear, are apparently conditions that activate 
animals as well as conditions that bring certain forms of behavior to the 
fore (e.g., eating, being startled, moving in directions where food or safety 
has been found in the past) and “aversive” conditions whose termination 
is rewarding or reinforcing. 

Since 1952, theoretical and experimental work on motivation has been 
carried on under watchful surveillance from Lincoln, Nebraska. The 
Nebraska Symposium on Motivation has annually summoned some five 
or six psychologists and near-psychologists to deliver themselves of their 
findings and ideas. This does not mean that the organizers of the Sym- 
posium have mustered 60 specialists in motivation. There are, actually, 
surprisingly few people who would accept that label. Many of the 
participants must have been quite surprised to find themselves associated 
with motivation, and a few were put to evident strain to find some con- 
nection between what they had been doing and motivational problems. 
Nevertheless, all psychological processes presumably have motivational 
aspects, and all the contributors had the experience, which must have 
been salutary for them and for their readers, of being forced to consider 
their areas of interest from this angle, which they might not have done 


_ otherwise. 


The first decade of the Nebraska Symposium has been a singularly 
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eventful one for motivation theory. First, there have been momentous 
neurophysiological advances whose psychological implications must take 
some time to work out and which show no prospects of slackening their 
pace. The discovery by Moruzzi and Magoun, reported in 1949, that the 
reticular formation of the brain stem governs the electroencephalographic 
patterns indicative of an alert brain gave rise, when put together with the 
proceeds of other lines of research, to the psychophysiological concept of 
“arousal level,” a development whose potential consequences are far- 
reaching. The newer concept of “arousal” has obviously much in common 
with the older concept of “drive,” especially in its activation aspect. We 
know of many conditions that will raise arousal in addition to the familiar 
conditions that have long been known to raise drive level, and we have 
at our disposal several convenient, relatively direct ways of measuring 
arousal to supplement the indirect, cumbersome techniques that have 
had to be used hitherto to measure drive. 

Neurophysiological discoveries relating to response selection and rein- 
forcement have also not been lacking. Stimulation and ablation experi- 
ments have identified numerous points in the lower parts of the brain— 
in the hypothalamus, thalamus, and limbic system—-whose activity 
brings to the fore, or inhibits, behavior appropriate to specific moti- 
vational conditions, e.g., feeding, drinking, sleeping, sexual behavior, 
aggressive behavior, and flight. Since 1954, when Olds and Milner and 
Miller, Delgado, and Roberts reported finding structures in the lower 
cerebrum and brain-stem whose stimulation had effects resembling those 
of externally applied rewards and punishments, the study of the func- 
tioning and inter-relations of these structures has steadily intensified 
and proved extremely productive. 

On a more purely psychological level, the last ten years has seen rapid 
growth of interest in exploratory behavior and related phenofnena. It 
came to be realized that, in higher animals, a great deal of time is spent 
on the multifarious activities that are customarily placed under such 
headings as “curiosity” and “play” and bear no obvious and immediate 
relation to familiar, “organic” motives. Experimental work has revealed 
that the likelihood of these activities and the directions that they take 
depend largely on factors like novelty, surprisingness, and complexity of 
external stimulation. These factors (which are closely related to the 
concepts of information theory) seem, in their turn, to be capable of 
generating the kind of disturbance that motivates behavior and promotes 
acquisition of new learned responses, apparently because they involve 
the simultaneous initiation of discrepant or mutually interfering reac- 
tions. 

This means that we must add disharmonious relations among neural 
processes to the visceral upheavals (e.g., hunger, fear) and the external 
irritations (e.g., pain, excessive cold) that have long been recognized as 
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sources of drive. We must also add a large range of new rewarding con- 
ditions, working through relief of conflict, to the rewarding events that 
can reinforce learned responses. The new lines of thought that have 
thus been opened up by work on exploratory behavior are converging in 
significant ways with ideas that have emerged from recent work on 
attitude change, educational practice, child development, personality, 
aesthetics, and humor. Factors like novelty, complexity, and conflict 
now appear to play a prominent and previously overlooked role in all 
these areas. , 

Further impetus for rethinking has come from the ethological move- 
ment, which was launched by continental European zoologists interested 
jn animal behavior, particularly in that of insects and lower vertebrates. 
Ethology was introduced to psychologists by the publication of Tin- 
bergen’s book, The Study of Instinct, in 1951. In consequence of the inter- 
changes between ethologists and psychologists that resulted, some of the 
theoretical statements of the former have been criticized and refurbished. 
On the other hand, both animal and human psychology have apprecia- 
tively received a mass of new experimental problems, new experimental 
techniques, and new theoretical notions. The ethologists made clear the 
prevalence of patterns of “Instinctive” or “species-specific” behavior in 
lower animals, stemming from inherited properties of the nervous system 
and yet much more complicated and flexible than the reflexes and chains 
of reflexes that were formerly thought to comprise inherited behavior 
patterns. Above all, these forms of behavior are profoundly affected by 
the animal’s motivational condition. So, while the ethologists have 
raised the possibility that the kinds of instinctive behavior that they 
have brought to light may be present in higher animals, including human 
beings, their main contribution has perhaps been to indicate the close 
interpenttration of unlearned and learned elements in behavior and the 
susceptibility of both of them to common principles, especially common 
motivational principles. 

Volume XI in the Nebraska series* shows a polarization reflecting the 
tension between old and new trends in current motivational theory. 
Rogers and Sears, in their articles on “‘actualizing tendency” and ‘“‘de- 
pendency motivation,” are concerned with motivational aspects of 
personality and extend inquiries that they have been pursuing for some 
years. The three remaining contributors, N. E. Muller, Pribram, and 
Magoun, discuss long-standing problems pertaining to reinforcement and 
to inhibition in the light of recent neurophysiological advances. Miller’s 
paper is particularly interesting to anybody who likes to spot trends. 
Having been one of the most diehard and ingenious defenders of the view 


that reinforcement depends on drive-reduction, Miller here outlines an 
* M. R. Jones (Ed.) Nebraska Symposium on Motivation 1963, Lincoln, Nebraska: 
University of Nebraska Press, 1963. 
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alternative, and in some ways diametrically opposed, view that brain- 
stimulation experiments have forced him to consider. He now speculates 
that reinforcement depends on activation of a “go mechanism” which 
promotes learning by supplying a burst of extra excitation (arousal?). 
This new view has a great deal in common with the ways in which several 
other contemporary writers have begun to think, as well as with hy- 
potheses suggested by some pioneers of learning theory quite a while ago 
and with current Russian conceptions of the physiological processes be- 
hind conditioning. Reinforcing agents commonly involve a rjse in excita- 
tion or arousal, quickly followed by a fall. The rapid succession of the rise 
and the fall may account for our failure so far to disentangle the roles 
of these two phases. 

What is going to happen in motivation theory over the next ten years? 
What solutions will impending psychological and physiological experi- 
mentation give to the still unsolved problem of the nature of reinforce- 
ment? Will the concepts of “drive” and “arousal” be swept aside, will 
they fragment into several distinct and more precisely defined concepts, 
or will they be firmly vindicated and more accurately pinpointed? Will 
motivation theory lose such autonomy as it now possesses or will its 
boundaries become clearer? The only prediction that it would be safe to 
venture is that anybody who continues to read the Nebraska Symposium 
for the next ten years will know the answers. 
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HUMINOIDS ON OTHER PLANETS? 


by ROBERT BIERI 


ad Pe PROBABILITY of evolving some living system was likely high. That evo- 
lution would go in a particular direction is a different matter. Thus the a priori 
probability of evolving man must have been extremely small—for there were an 
almost infinite number of other possibilities. Even the probability of an organism 
evolving with a nervous system like ours, was, I think, extremely small because of 
the enormous humber of alternatives. I am therefore not at all hopeful that we will 
ever establish communication with living things on other planets, even though there 
may well be many such on many planets’’(1}. 


I think that at least a few biologists would disagree with all but the 
first sentence of this statement. Because of continued interest in possible 
interplanetary communication, I would like to present arguments for 
the opposite view, namely, that if life has evolved on other planets in 
other solar systems and if some population has reached the level of 
conceptual thought, it is highly probable that the organisms so endowed 
will bear a strong resemblance to Homo sapiens. 

Essentially this argument is based on the premise that the physical 
properties of the elements, the forms of energy available, and the environ- 
mental conditions which would allow life to arise and evolve are such that 
severe limitations are Imposed on the number of routes available to 
evolving forms. The number of alternative possibilities is by no means 
infinite; on the contrary, the number is quite limited. This limited num- 
ber of available routes has led to the innumerable cases of convergent 
evolution in plants and animals. 

Man is the result of a series of evolutionary “breakthroughs” ; he is 
the result of the solution of a number of major evolutionary problems. 
Only a few of these are discussed here in order to illustrate the validity 
of the premise of limited solutions or routes available at each turn in 
the long evolution from abiogenetically produced organic matter to 
conceptualizing being. 

In this discussion, life is defined as a system of matter having herit- 
ability and mutability. Such a system of matter requires perlodic or 
continual capture of matter and energy. As long ago as 1913, Hender- 
son p] advanced the argument that, of all the elements known, only 
carbon fulfills the many requirements necessary for the existence of a 
duplicating, living system. He further argues that such a system could 
only develop in water. Urey t3) has recently reaffirmed this idea. This 
argument is now so generally accepted by scientists that it is seldom 
emphasized that it is a major limit on the number of evolutionary path- 
ways available to life (4). More recently, biochemists have argued that 
a living system based on carbon must also be based on the high energy 
phosphate bond. The fact that the ATP-ADP system is common to all 
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living systems illustrates the limited range of biochemical alternatives 
[5]. The construction of living systems on a carbon framework in water 
means that we are limited to a temperature range not widely different 
from that of our earth. 

Because of the limited time available, on the order of five to ten 
billion years, and because of other limiting factors, it is most probable 
that a living system will arise within a liquid medium after chemical 
contributions have been made from the solid-liquid and liquid-gas inter- 
faces. The emergence of life from a solid or gaseous system, although 
perhaps not impossible, certainly is highly improbable. 

If a living system is to evolve to any significant degree of complexity, 
some form of autotrophic organism must.evolve to support the primary 
heterotrophic forms. Because of the greater energy capture possible, 
photosynthesis and an oxidizing atmosphere will eventually supersede 
the many possible chemosynthetic autotrophic energy systems. 

In the long evolution within a sea that must precede invasion of the 
land, herbivores and carnivores will have reached a high degree of com- 
plexity and specialization. Both types of organisms will be bilaterally 
symmetrical because the viscosity of the medium demands streamlining 
for speed of pursuit, speed of escape, and the efficient use of captured 
energy. There are many radially symmetrical animals in the earth’s 
oceans. However, nearly all of these have evolved from bilaterally 
symmetrical ancestors after adopting a sessile mode of life. The Radio- 
laria among the protozoa and the majority of the coelenterates represent 
animals that probably show primary radial symmetry. They are good 
examples of the low level of organization attained by radially sym- 
metrical animals. Probably the best examples of secondarily derived 
radial symmetry are found in the annelids. Many modifications accom- 
pany sessile living but the most important for the present discussion are 
the reduction of sensory structures and degeneration of the nervous 
system. Only an active mode of life, the pursuit of prey and escape from 
predators, has led to larger, more complex nervous systems [6]. 

Active search for food and pursuit of prey have resulted in a bilaterally 
symmetrical animal with an anterior mouth and a posterior anus [7]. 
Invariably the mouth 1s surrounded by sensory and grasping organs. 
There may be small sense organs scattered along the body and at the 
trailing end, but in essentially all cases known in the animal kingdom 
the leading surface of the bilateral animal has the largest and greatest 
variety of sensing devices [s}. This is not because of some accident in the 
dim past, only one of many possibilities. The anterior mouth with sur- 
rounding sense and grasping organs has been independently evolved in 
group after group, again and again. It is not surprising therefore to find 
the largest ganglion or the brain at the front end in close proximity to 
the major sensing organs. 
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An organism with brain and sense organs at the front end has several 
major adaptive advantages. First, it takes time to send sensed data over 
nerves and the successful animal is not one that sends the data to its tail 
and then back to the grasping or feeding organs. Secondly, the ganglion 
or brain is the integrating center that evaluates various incoming signals 
and sends out the command signal. To save space, to reduce the chance 
of damage, and to reduce interference and noise, it is more efficient to 
have short sense conductors and long command conductors. Thus, the 
brain and major sense organs are close together. Even in highly efficient 
two-directional animals such as the squids, the major sense organs are 
grouped at one end of the body next to the brain and near the mouth, 
The major sense organs do not migrate to distant parts of the body nor 
does the brain. 

Thus, we can be more than reasonably sure that advanced animals will 
be bilaterally symmetrical, and will have a large brain at the front end 
near the mouth in close proximity to the largest and most diverse sense 
organs. 

Given that life will first arise in a liquid medium, water, we can be 
sure there will be a long evolution in the liquid environment before any 
population of organisms is able to invade and occupy the solid-gas 
interface. It is conceivable that an aquatic population might leave its | 
ocean milieu by way of a subterranean route or directly penetrate the 
air from the ocean surface. However, if we recall that an invading 
population needs an energy source, it becomes apparent that both of 
these possibilities are very remote. Also, we can probably rule out the 
possibility of flying plants or burrowing chemosynthetic autotrophs. 
Permanent invasion and extensive utilization of the land-air interface 
require terrestrial plants, autotrophs, decomposing heterotrophs, and 
terrestrial animals, heterotrophs, evolving together in interdependent 
communities. The air, in all probability, can only be occupied after the 
land-air interface and by way of the land-air interface. Although some 
fish and squids are able to make short journeys into the air, all true 
fliers have evolved from the land. The aquatic insects have secondarily 
invaded the water from the land. 

On the earth, the evolution of the largest brain occurred at the solid- 
air interface. We now know that at least five different chemical synaptic 
transmitters are used in various nerve tissues. It seems highly probable 
that the higher forms of terrestrial life have adopted the most efficient 
of these and have achieved the greatest miniaturization of nerve cells 
and conductive tissue possible. If this supposition is correct, large 
integrating centers, brains, of a size similar to ours will be necessary for 
conceptual thought t9}. If this assumption is accepted, we can be 
reasonably certain that a large brain will not develop underground or in 
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Recent work on the dolphins [10] indicates that we cannot be as cer- 
tain that the largest brain on other earths would not develop in an 
aquatic medium. However, I think that this is highly unlikely for the 
following reasons. It is now reasonably well established that man’s 
large brain evolved concurrently with social behavior, the use of tools, 
and speech 11). If any one of these had been suppressed, Homo would 
never have reached the level of development of conceptual thought. 
Although social behavior and speech or at least communication would 
have and have had great adaptive and survival value in the sea, the 
development of tools in a liquid medium is highly improbable because 
of the density and viscosity of water. The sea otter rises to the surface to 
break his fragile, sea urchin food on his chest while floating on his back. 
It is very difficult to slam one’s fist against one’s chest while completely 
submerged in water. Using a lever to pry rocks or food from the bottom 
while completely submerged is also difficult. The simplest tools, thrown 
rocks and sticks, would be useless in the sea. Thus, on the basis that tools 
would be much less effective under water than on land it is highly prob- 
able that the largest-brained animal will evolve at the air-land inter- 
face [12]. Similarly the use of tools while flying is a very remote pos- 
sibility. 

This then raises the question of locomotion on land. There are many 
answers and solutions to this problem including sliding on slime, wrig- 
gling, and walking with legs. There can be no doubt that the latter 
method is superior to all others when we consider the friction involved, 
the energy required, and the speed and maneuverability obtainable. 
It is quite significant that wheels, one of man’s greatest achievements, 
have never been evolved in any living organism. The primary reason for 
this is that living tissue just 1s not suitable for the high pressures that 
must be sustained at the bearing of a wheel. On land there is the further 
limiting factor of an inadequate amount of flat surface on which to use 
wheels. Thus, again, the number of possible structures is quite limited. 
Legs will be required. 

We come then to the question of how many legs, one, two, three, four, 
six, ten, one thousand? The fossil record shows that there are strong se- 
lective pressures in both the marine and terrestrial environments that 
lead to the reduction of multiple appendages. This is so well demon- 
strated that it is given the distinction of a “law,” Williston’s Law. We 
can probably eliminate the odd number of appendages approached in 
many different animal groups but never really achieved. There are the 
three “pointed”? kangaroos, the seven “legged” Collembola or spring 
tails, the five “armed” platyrrhine monkeys and many other examples. 
All of these can, for various reasons, be eliminated as real challengers 
to the paired appendage body plan. Although there are all numbers of 
paired appendaged organisms living on the earth, all but the vertebrates «s= 
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with two pairs and the insects with three pairs are essentially back water 
fugitives of only moderate or less success (with apologies to the 
acarologists and their eight-legged friends). Just why the higher ver- 
tebrates ended up with four legs is another tale that takes us back to the 
liquid medium of their early evolution. As higher and higher speed 
swimmers evolved, stabilizing and steering appendages of various sorts 
were developed [13]. The details of why four came out on top is only 
briefly discussed in vertebrate zoology treatises although this surely 
was a fundamental necessity for the vertebrate invasion of the land 
114]. 

Just why the insects have six legs is not immediately apparent but is 
perhaps related to their small size and exoskeleton of chitin. At any rate, 
it seems most probable that our extraterrestrial huminoid will have 
either two or three sets of paired appendages. I’m willing to bet on the 
smaller number. 

Multiple sense organs with diverse functions have often been postu- 
lated for extraterrestrial animals. Almost certainly, outer space hu- 
minoids will have sensors for light (vision), sensors for chemicals in 
solution or dispersed in air (taste and smell), and for pressure changes 
(hearing). Whether they will have sensors for magnetic fields is less 
certain [15]. Strong arguments can be advanced for the presence of only 
two eyes set for binocular vision and two ears for binaural hearing. 
We can also argue strongly for the smell sensor being directly over the 
mouth. Its primary function in animals with high visual acuity, and 
probably in most others, is to test the nature of materials about to enter 
the mouth, is it poisonous or edible? 

Could the conceptualizing organism have additional sense organs 
based on other parts of the electromagnetic spectrum besides the visual 
portion? Wald 16;, on the basis of biochemical limitations and energy 
requirements, argues no. Certainly, the ability to detect infrared at 
night would have great survival value. An acoustical ranging system 
similar to that of bats might be present, in which case the ears would be 
proportionately larger than ours. However, in this case the eyes might 
be reduced somewhat. On the other hand, any marked reduction in the 
visual sensors would be a serious impediment to the evolution of tools 
and the associated evolution of a large brain. 

What about the dactyls? Although the human hand is considered to 
be a relatively unspecialized vertebrate structure, it is hard to visualize 
a more effective arrangement. Three, four, six, or seven fingers might 
work as well, but certainly an arrangement of claws, fingers, tweezers, 
knives, and so forth would not work as well. If we accept two as the 
minimum number and ten as the maximum, then four, five, or six dactyls 
would seem most probable and our extraterrestrial huminoid will count 
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We might consider the nature of the outer covering. Will it have scales, 
feathers, hair, foam, a cellophane wrapper? I would suspect that a com- 
petent vertebrate zoologist consulting with a biochemist could make a 
strong argument for skin and hair. 

No doubt many other possibilities have occurred to the reader and the 
task of answering them is endless. I have considered and rejected green 
skin, reproductive organs on the chest, antenna systems, a ventral 
nerve cord, different temperature regimens, stronger and weaker gravita- 
tional systems and many other possibilities. ‘ 

Those who wish to suggest alternatives not considered here, should 
realize that, if their suggested modifications of the extraterrestrial humi- 
noids are to be considered seriously, a reasonable set of evolutionary steps 
must be set up to explain the final structures derived. 

To restate the argument, a conceptualizing population of living or- 
ganisms can only develop by the process of evolution. Given the ninety- 
two known, naturally occurring elements, the forms of energy available, 
and limited time, the number of alternative solutions to the major steps 
leading to a conceptual organism are strictly limited. The phenomenon of 
convergent evolution is so widespread in both the plant and animal 
kingdoms that it needs no special elucidation here. Suffice it to say that 
the evidence shows that, again and again, animals and plants have 
independently evolved not only similar structures but also similar 
biochemical systems and similar behavioral patterns as solutions to the 
same fundamental problems. 

If we fail to communicate with conceptualizing beings on other 
planets it will not be because they are fundamentally different from us 
but because they have either far surpassed our state of technology and 
have no interest in communicating with us or have not yet reached 
our state of advancement and are thus unable to do’ so. This 
probably is the fundamental factor which would greatly reduce the 
number of such populations attempting to communicate with us. 

If we ever succeed in communicating with conceptualizing beings in 
outer space, they won’t be spheres, pyramids, cubes, or pancakes. In 
all probability they will look an awful lot like us. 
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VALENCY AND THE CHEMICAL BOND 
By J. W. LINNETT 


N 1916, G. N. Lewis proposed that a group of two electrons and a group 
I of eight electrons in atoms and molecules showed a particularly high 
stability. These groupings have since come to be known as the electron- 
pair and the octet of electrons. For example, the hydrogen atom con- 
taining one electron was very reactive, but the helium atom containing 
two was very unreactive, illustrating the stability of the pair. The atoms 
containing 3 (lithium), 4 (beryllium), 5 (boron), 6 (carbon), 7 (nitrogen), 
8 (oxygen) and 9 (fluorine) were all more reactive than helium but that 
containing 10 electrons (neon) was unreactive, like helium. This, together 
with other experimental facts, led to the view that the electrons in an 
atom were present in shells, the neon atom containing an inner shell of 
two (the helium pair) together with an outer shell of eight (an outer 
octet). Similarly, an argon atom with eighteen electrons is unreactive 
and is presumed to contain the two neon shells consisting of a pair and 
an octet together with a third shell which also contains an octet. 

Further, Lewis proposed that, in forming ionic compounds such as 
sodium fluoride consisting of Nat and F7, the sodium atom (11 electrons) 
had lost an electron to give a sodium ion, with the electronic structure of 
neon and also containing a pair and an octet. A fluorine atom had gained 
the electron to give a fluoride ion also containing a pair and an octet 
(10 electrons in all, like neon). Many other salts (ionice compounds) could 
be explained in a similar way; for example, NaCl, KF, MgF:, MgO, 
Li P CaO and BeF. 

However, there are, of course, other compounds such as*methane, 
water and chlorine monoxide which are not ionic. In these compounds 
the atoms are bound together in molecules, the pattern of linking and 
spatial arrangement of the component atoms within the molecule being 
well defined. In these cases, Lewis proposed that the component atoms 
attained the electronic structures of the inert gas atoms, consisting of 
pairs and octets, by sharing electrons between one another. For example, 
the formulae of methane (CH,) and water (H:O) were written as 


H 
H:C:H 'O:H 
H H 


The inner electron-pair of the carbon and oxygen atoms (i.e., the helium 
pair) were omitted from these diagrams and only the outer shell (also 
called the valence-shell) was included. Thus, in the methane molecule, 
the carbon atom attained the octet of the neon atom by acquiring a share 
of the four electrons of the four hydrogen atoms. These, together with 7 


459 


“ee, 


460 AMERICAN SCIENTIST 


the four it possessed already, completed the octet. But, likewise, each 
hydrogen atom acquired a share of one of the four electrons provided by 
the carbon atom. As a result of the sharing of the four electron-pairs each 
hydrogen atom had associated with it two electrons (like helium) and the 
carbon atom had an octet shell made up of four pairs. In the water 
molecule, each hydrogen had a shared pair and the oxygen an octet 
consisting of two shared pairs and two lone pairs (six of the eight elec- 
trons were contributed by the oxygen atom and two by the two hydrogen 
atoms). Formulae of many other molecules may be written in a similar 
way. For example: 


H H H Sa, ak 
H:C:0: C::¢c ‘FF: a H:H 
HH H H l oe 
methyl ethylene fluorine fluorine hydrogen 
alcohol monoxide 


The only additional feature in this list is that, in the ethylene molecule, 
the two carbon atoms share two pairs. 

Spatially, the pairs in the octet were supposed to be in regions disposed 
at the corners of a regular tetrahedron which had the nucleus at the 
center. It was realized that there might be some distortion of this tetra- 
hedron if the pairs bound different atoms, or if some of the pairs of the 
octet were shared and some were lone. Thus, the hydrogen atoms in the 
methane molecule are at the corners of a regular tetrahedron. In the 
water molecule, the four pairs may be supposed to be at the corners of a 
slightly distorted tetrahedron; the HOH angle in the water molecule is 
104.5°, whereas the HCH angle in the methane molecule is 109.5°. In 
FO, the FOF angle is 103°, while in ClO the CIOCI angle is about 111° 
presumably because of the greater mutual repulsion of the large chlorine 
atoms. None of these differ greatly from the regular tetrahedral angle 
(109.5°).! The G. N. Lewis octet has come therefore to be visualized as 
four pairs tetrahedrally disposed round a central nucleus. 

Electron Spin: About ten years after G. N. Lewis’s 1916 paper, it was 
shown that the electron had an intrinsic magnetic moment which has been 
ascribed to it possessing a spin. Experiment showed that, in a magnetic 
field, the magnetic moment could only align itself in two ways with re- 
spect to the field. Thus, if there were two electrons in an atomic system, 
there were in general two possibilities; either the magnetic moments of 
the two electrons could be aligned relative to one another so that the 
resultant magnetic field was zero, in which case the spins were said to be 
opposed; or the two magnets were aligned in such a way that the field 


! The smallish variations in these angles have been discussed by C. E. MELLISH 
and J. W. Linnert, Trans. Faraday Soc., 60, 665 (1954) and by R. J. GILLESPIE and 
R. S. Nynorm, Quart. Rev. Soc., 11, 339 (1957). 
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was greater than for one alone, in which case the spins were said to be 
parallel. Because, in helium, the resultant magnetic moment due to spin 
is observed to be zero, the spins of this stable pair must be opposed. 
Likewise, the resultant electron spin magnetic moment of the hydrogen 
molecule is zero, so that, in the pair forming the two-electron bond in the 
molecule of hydrogen, the spins are opposed. Further, the resultant 
electron spin magnetic moments of the neon atom and of the molecules 
of methane, ammonia, and water are all zero. This suggests that the octet 
is made of four electrons of one spin and four of the other, the electrons 
occurring in pairs, one of each spin. Thus if we use a cross (X) to repre- 
sent an electron of one spin and a circle (O) to represent an electron of 
the opposite spin, the molecules Ha CHu, CeH; and H:O would be 
represented by 


xO xo rly sH 
HZH H? ÇH 203H xC#8C o 
H H H? `H 


Electrons in Atoms and Molecules: Electrons are negatively charged. 
Consequently, they repel one another and tend, because of this, in the 
lowest energy state, to keep apart. However, they are also attracted by 
the positive nuclei. As a result, they will stay near the nuclei but, because 
of their mutual repulsion, will space themselves round the nuclei. 

Electrons in atomic and molecular systems possess kinetic energy; 
they cannot be regarded as stationary. However, for fundamental rea- 
sons, it is impossible to follow the actual motions of these electrons. 
Consequently, it is not possible to assign electrons to particular positions 
in an atom or molecule but only to regions. (This is the Heisenberg Un- 
certainty Principle.) Let us call these regions domains. When the location 
and form of a domain occupied by an electron produces an enhancement 
of the probability of that electron being situated between the nuclei, 
then that negatively charged electron serves to bind the two positive 
nuclei together, and it is a bonding electron.? What has been described 
earlier as a shared-electron is of this type, whereas an electron in a lone- 
pair is not. 

There is another effect which governs the relative positions in space 
that two electrons will occupy. It may be expressed in simple terms, as 
follows: electrons which have the same spin have a low probability of 
being near one another. That is, electrons having the same spin, have a 
tendency to keep apart, this being an effect additional to their electro- 
static repulsion. This effect of spin on the spatial distribution of electrons 
in atoms and molecules is just as important as the effect of their electro- 
static repulsion. 

-2 An alternative way of stating this is to say that, because the negatively charged 


electron in the molecule is under the influence of two positive nuclei, its energy is 
lower than in an atom where it was under the influence of only one nucleus, 
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Let us consider a set of electrons of the same spin in an atom or mole- 
cule. As has been said, it will not be possible to assign them to exact 
positions but only to domains. Further, all the electrons of this set will 
tend to keep apart because of the combined effects of charge and spin. 
The resulting arrangement can be reasonably described in terms of a set 
of domains, each occupied by one electron of the set, these domains being 
to a high degree mutually exclusive in a spatial sense. That is, a satis- 
factory description of the distribution of the electrons of this spin-set 
can be obtained by dividing the space in the atom or molecule into a set 
of separate non-overlapping domains. The assumption of strictly non- 
overlapping domains is over-rigid and is an approximation, but a useful 
one. Moreover, for qualitative considerations, this is not at all a serious 
fault. The reason for this is presumably that the qualitative effects of 
charge and spin are the same for the electrons of this spin set. 

Let us consider the five electrons of one spin in the methane molecule. 
Consider the region round the carbon atom. One electron will occupy a 
domain close to, and including, the nucleus; this domain is best regarded 
as spherical. This is the electron which is a member of the pair forming 
the inner shell. Round this, for the next shell (the four of the octet) the 
space may be divided into four equivalent segments. In order that these 
domains may be as little restricted as possible in any direction, and so 
that the four electrons may be as widely separated as possible they will 
be disposed tetrahedrally round the nucleus and the innermost domain. 
The four electrons occupying these four domains are thus arranged so 
that the protons bound by them will tend to be tetrahedrally disposed 
round the carbon nucleus.? 

But, in all chemically important polyelectronic systems there are a 
number of electrons having one spin and others having spins opposed to 
those of the first set. Considering first the electrons of the second spin-set 
alone, these will keep apart from one another by the effects of charge and 
spin spatial-correlation in a manner similar to the electrons of the first 
set. That is, to a reasonable approximation, the space can be divided 
again into a set of five exclusive domains each occupied by one electron. 

The relation between the electrons of the two spin-sets must now be 
considered. Here the effects of charge and spin differ. This contrasts with 
effects of charge and spin within the same spin-set, for, in that case, the 
charge and spin correlation effect operate in the same sense (i.e., both 
operate to keep the electrons apart). Between the electrons of the two 
spin-sets, charge, of course, still operates by way of electrostatic repulsion 
to keep the electrons apart. As regards the correlating effects of spin, and 


3 Those who have used the directed orbital method of valency will appreciate the 
relation between these domains and the tetrahedral sp? hybrid orbitals. In fact, 
these four tetrahedral hybrids are a way of describing the domains though, in that 
orbitals case, the regions where the orbitals tail-off would overlap. 
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considering ground states only (this article will be limited to the con- 
sideration of ground states), if there are an equal number of electrons of 
each spin (i.e., two equivalent spin-sets), then the spin correlation effects 
operate against the effect of electrostatic repulsion in such a way as to 
produce a tendency for the electrons to be present as spatial-pairs. That 
is, the effect of spin-correlation is such as to favour the domains for the 
electrons of one spin-set being coincident with the domains for the elec- 
trons of the other spin-set. However, if the numbers of electrons in the 
two spin-sets are different (e.g., in the boron atom or nitrac oxide mole- 
cule) then there is no spin-correlation effect between the electrons of the 
two spin-sets, and each spin-set will adopt an independent set of domains, 
their relative disposition being decided, for a given arrangement of nuclei, 
by the effects of interelectron repulsion. 

Let us return to a consideration of the methane molecule. We saw 
that, for the first spin-set, the five electrons could be regarded as occupy- 
ing one inner spherical domain and four equivalent outer tetrahedrally- 
disposed domains. The five electrons of the second spin-set will occupy a 
similar set of five domains. Now, interelectronic electrostatic repulsion 
will operate to cause one tetrahedral set to be “staggered” with respect 
to the other set. However, spin-correlation will tend to cause the two 
sets of domains to be identically disposed. But the four protons (the 
presence of which makes the total charge on the species zero) are directed 
by each spm-set to be tetrahedrally disposed round the carbon (see 
earlier). Consequently, they operate so as to cause the domains for one 
spin-set to be identical with those of the other spin-set. The precise 
consequences on the electron distribution of these conflicting effects is, of 
course, impossible to assess and, as a consequence, no exact treatment of 
the methane molecule has as yet been achieved. However, as an approxi- 
mation, one may say that two effects operate to cause the domains of the 
two spin-sets to be identical (spin correlation and the effect of the pro- 
tons) while only one Gnterelectron repulsion) separates them. Therefore, 
a very satisfactory approximate “picture” is to regard the domains as 
identical, each occupied by two electrons, one of each spin, there being 
some correlation within each domain of the position of the two electrons. 
By this means, the protons are kept as widely separated as possible, and 
yet close to the electrons that “bind” them, while the electrons are also 
kept apart as widely as possible. 

Thus, the reason why the methane molecule is tetrahedral is that 
charge and spin-correlation operate to keep the electrons of a given spin- 
set as far apart as 1s reasonable, considering that they are sumultaneously 
attracted by the nuclei of the system. As a result, the two spin-sets of 
four electrons which make up the octet each adopt a tetrahedral arrange- 
ment round the carbon. Therefore the four protons, which are bound by 


those electrons, will be tetrahedrally disposed, and the presence of the æ 
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protons tends to cause the two tetrahedral spin-sets, which make up the 
octet, to be similarly disposed in space. Hence, in this molecule it is pos- 
sible to say that each proton is held by a pair of electrons, one of each 
spin; that is, by an electron pair bond. So, for methane, the octet may be 
regarded ezther as four tetrahedrally disposed electron pairs, as was done 
by G. N. Lewis, or as two similarly disposed tetrahedral spin-sets each of 
four electrons. For methane there is no difference between the two de- 
scriptions. 

The electronic structures of the ammonia and water molecules may be 
described in a very analogous manner. Again, there are five electrons in 
each spin-set. The two spin-sets are similar to the two in methane but, 
for example in H,O, two of the pairs serve to bind two protons, while two 
of the pairs are lone pairs. The four outer tetrahedrally disposed domains 
are no longer equivalent. Two of the domains contain in addition to two 
electrons, a proton, while the other two contain just two electrons. The 
electrostatic attraction of the protons on the pair of bonding electrons 
causes a contraction of those domains (because such a contraction results 
in a lowering of the potential energy) relative to the domains containing 
the lone pairs, which can be enlarged and so reduce both the kinetic 
energy and also the electrostatic repulsion between the electrons occupy- 
ing a lone-pair domain. As a result of this angular contraction of the 
bonding-pair domains relative to the lone-pair domains, the HOH angle 
in water (104.5°) is less than the regular tetrahedral angle (109.5°). 

In the case of a molecule like CH;OH it is easy to visualize in a general 
way the form of the nine domains, each containing an electron pair. 
Both the carbon and oxygen will have an inner domain round the nucleus 
and each will have four domains round them. One domain will be com- 
mon to the outer set of the carbon atom and the outer set of the oxygen 
atom, and this will contain the pair of electrons, one of each spin, which 
bind the carbon and oxygen nuclei together. The other three outer 
domains of the carbon atom will each contain an electron pair and a 
proton, as will one of the outer domains of the oxygen atom. The other 
two outer domains of the oxygen atom will both contain lone pairs. The 
diagrammatic formula for CH;OH given earlier provides a good represen- 
tation of this arrangement, though it must, of course, be remembered as 
well that the four outer domains and electron pairs round the carbon 
atom, and also those round the oxygen atom, are both tetrahedrally dis- 
posed a sa result of the effects of charge and spin correlation and the 
energetic advantage in binding the nuclei together as effectively as pos- 
sible. Again the octet round the carbon atom may be described either as 
four pairs tetrahedrally disposed or as two spin-sets of four each tetra- 
hedrally disposed. The same is true for the oxygen atom. 

In the case of the ethylene molecule, there are eight domains including 


~ the two inner ones containing the carbon nuclei. Each carbon atom has 
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four domains round it. Two domains are common to the two carbon 
atoms, being separated from one another by a plane which is the plane 
of the six nuclei. Thus the “picture” is of each carbon having an outer 
octet made up of four electron pairs, two pairs being used to bind two 
hydrogens, and two being shared with the other carbon atoms. The 
disposition of the pairs is still tetrahedral but, because two pairs are used 
to bind the one carbon atom to the other, in the double bond, the regular 
tetrahedral arrangement is distorted. 

These two pairs will be drawn towards one another, and hence the 
extent of the domains they occupy will be reduced. Therefore, the other 
domains become enlarged and the HCH angle becomes greater than the 
tetrahedral Gt is 117°). Agam the octets round each carbon may be 
treated as two quartets. Each spin-set of four having a tetrahedral dis- 
position and, because of the need to lower the potential energy as much 
as possible, and bind the protons as strongly as possible, the two spin-sets 
(two quartets) are similarly disposed. 

Nitric Oxide and Oxygen: In the nitric oxide molecule there are 15 
electrons and experiment shows that there is one more having one spin 
than the other. We may suppose that, for both the nitrogen and oxygen 
atoms there are inner pairs occupying domains round the nuclei. Of the 
remaining 11 electrons, six will have one spin and five the other. Crosses 
(X) and circles (©) will be used to represent them as before. Then the six 
electrons can provide four having this spin-tetrahedrally round each 
nucleus by an arrangement in which two are shared at the apices of two 
tetrahedra with a common edge (the “centres” of the domains being at 
the apices of two tetrahedra with a common edge): 


x Nx Ox 
The five electrons of the other spin can provide four having this spin 
tetrahedrally round each nucleus by an arrangement in which three are 
shared (the “centres” of the domains being at the apices of two tetra- 
hedra with a common face): 


Fel N 80 o 
The total formula is then: 
oà NX80Xe 


Each atom has round it an octet of electrons, four of each spin. However, 
the situation is different from those we have considered so far in that 
the arrangement of electrons of one spin is different from that of the 
other. 

Let us now consider the domains for the eleven. valence-shell electrons. 


For the set of six electrons (crosses) the spatial arrangement of the æ 
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domains will be like that in ethylene, but each domain will contain only 
one electron. For the five electrons, the domains will be quite different 
though, of course, overlapping the first set and, in fact, extending, in all, 
over the same spatial region. Of the five domains, three will be common 
to the two nuclei, the fourth will be associated with the nitrogen atom and 
the fifth with the oxygen atom. Round each nucleus the “centres” of the 
domains of each set will be disposed at the corners of a tetrahedron 
slightly distorted from a regular one. Thus, there is one set of six domains 
for the electrens of one spin and another set of five for the electrons of 
the other spin. Because the “centres” of the domains are differently dis- 
posed, the electrons of one spin are kept apart from the electrons of the 
other spm as well as from the others of the same set. Consequently, the 
interelectronic repulsion energy is reduced, and this reduction contributes 
to the stability of the molecule. It is probably a factor in rendering the 
monomer (NO) more stable than the dimer O==N—N==-0.‘ The strength 
and length of the NO bond are consistent with the view that binding is 
provided by 5 electrons. 

In O; there are sixteen electrons, four of which, as two pairs, will oc- 
cupy domains round the two nuclei. For the remaining twelve there are 
a number of possibilities: (a) six electrons of each spin; (b) seven of one 
and five of the other; (c) eight of one and four of the other. Chemical 
formulae which would apparently associate four electrons of each spin 
with both nuclei are: 


o [2] x OQ x [e] 
SaO koks xOxo Ox3 30%08 


(a) (b) (c) 


Let us take (c) first. We have said earlier that, for four electrons of a given 
spin the satisfactory disposition of the domains is that the “centres” 
should be located at the apices of a tetrahedron having the nucleus at the 
centre. But it is impossible for this to be so and also for the four to be 
shared between the two nuclei. Therefore (c) cannot in fact provide four 
bonding electrons in the way that it will be seen that (a) and (b) can.5 
Formula (c) is therefore unsatisfactory compared with (a) and (b) be- 
cause the number of bonding electrons is smaller. As regards (a) we have 
seen that a set of six electrons can be arranged so that there is a tetra- 
hedral pattern round each nucleus, the two tetrahedra having a common 
edge between the nuclei. Both sets of six could therefore have this ar- 
rangement so that (a) is a formula which satisfactorily provides four 
bonding electrons. For (b), the five electrons can be arranged at the 


i Such a dimer is unknown though other associations of two NO molecules are 
own. 

-5 For the same reason, we can have single, double and triple bonds, but not quad- 
™ ruple bonds. 
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apices of two tetrahedra which have a common face situated between the 
nuclei (cf. one set in NO). The seven electrons can be arranged at the 
apices of two tetrahedra which have a common apex between the nuclei 
(cf. the two sets in F). Both (a) and (b) therefore provide satisfactorily 
four bonding electrons, but (b) will be preferred energetically because the 
electrons of one spin (and the domains they occupy) are arranged in 
space differently from those of the other spin (and the domains they 
occupy). This separation of the electrons of one spin from those of the 
other, means that the interelectron repulsion energy will be reduced, so 
that the energy of (b) will be lower than that of (a). Consequently, molec- 
ular oxygen will be paramagnetic, because the magnetism arising from 
the electrons of one spin does not cancel that arising from the electrons of 
the other spin. Molecular oxygen is unusual in this respect. The length 
and strength of the bond in O; is consistent with a bond consisting of four 
electrons. Formula (a) corresponds with a low-lying excited state. 

In solid potassium superoxide KO», the ion O.7 exists as a separate 
entity. Omitting the inner shells of electrons the structure of this will be 
expected to be 


o Ò 
2x Ox 00x9 


Each atom has an octet of electrons made up of four electrons of one 
spin and four of the other. The internuclear distance (1.28 A) is a little 
greater than that in O: (1.21 A), the difference being consistent with a 
change from a bond consisting of four electrons in O: to one of three in 
Q,~. It is interesting that this ion is stable in crystals in which the posi- 
tive ions are large and carry only a single positive charge (K+, Rb* or 
Cs*) and the field is weak. When the electron field is stronger with the 
smaller positive ions Lit, and Nat, and the more highly charged ones 
Cat+, Sr++ and Batt, the more highly charged O and O= are stabi- 
lized. 

Ozone, Carbon Dioxide and Nitrogen Dioxide: In the molecule of ozone 
there are twenty-four electrons, six of which are as three pairs in domains 
near the three nuclei. The possible Lewis structures for the remaining 
eighteen electrons are: 


2 an o y? Xo x Qo 
ore xOo (S) Qx Oxo 
I II 


In each structure every atom has an octet made up of four pairs of elec- 
trons and therefore four electrons of each spin. Because ozone is sym- 
metrical (and for other reasons), Pauling suggested that ozone should be 
represented as a “resonance hybrid” or combination: of the two above 


structures. But, on the revised octet (double-quartet) hypothesis a third æ 


» 
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structure is possible: 


Calculations by R. D. Gould and M. H. Booth suggest strongly that this 
last formula (JIT) provides a better representation of the structure of 
ozone than a hybrid of I and II. The reason for this is not far to seek. By 
locating the damains for the electrons of one spin differently from those 
for the electrons of the other spin, the interelectronic repulsion energy 
for IIT is lower than for I and Il—and the real molecule in the ground, or 
lowest, energy state will clearly achieve such a reduction. Also, in I the 
electrons are concentrated at one end of the molecule, whereas in II they 
are concentrated at the other. Hence, with resonance, an attempt is 
being made to describe the electronic structure of ozone in terms of two 
structures both of which have this same unsatisfactory feature. (Excess 
electron concentration at an end oxygen atom.) In II the electron dis- 
tribution 1s more even, and the concentration of electronic charge to one 
end or the other is not as great as in I or II. 

Consequently, in the present hypothesis, the stability of ozone relative 
to what would be expected for I is not ascribed to the existence of 
“resonance between I and II” but to the reduction in interelectron repul- 
sion existing for structure III compared with that for either I or IT. It 
should be noted that the OO bond lengths in O27 and O; are 1.29 A. On the 
present hypothesis both bonds would be described as involving three 
electrons. The nitrite ion will be expected to have a similar structure to 
that of ozone. 

The carbon dioxide molecule has two fewer electrons than ozone, so 
that there are 16 in the atomic outer shells. The formula that is usually 
ascribed to CO: is 


ox OxoCxsOxe 
though Pauling, to account for the stability, suggested a resonance 


hybrid of this with 


xo 


ox ax o o xu 
oxOxC2xOx and 20 x2C20 x9 


the latter two making smaller contributions. On the double-quartet 
hypothesis an electron-arrangement which will be expected to reduce 
interelectronic repulsion compared with these will be 


0% OgxCx0O3x 


Each atom has a double-quartet of electrons, and there are the same 
æ number of electrons of each spin, so that the formula is in satisfactory 
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agreement with the diamagnetism of CO:. Again the stabilization of 
COs, relative to what is to be expected for the formula O—C=O, is 
ascribed to the achieving of a reduction in interelectronic repulsion with- 
out any loss in the number of bonding electrons. 

For iso-electronic N2O, an analogous formula would give to the termi- 
nal nitrogen atom an excessive number of electrons and a more probable 
structure Is 

ož NSxNx0Q3% : 
The lengths of the NN and NO bonds (1.13 and 1.19 A) are consistent 
with this structure (cf. Na+: 1.12 A; CH,;NOz: 1.22 + 0.02 A). The above 
structure disposes the domains for the electrons of one spin differently 
from the domains for the electrons of the other spin, so reducing inter- 
electronic repulsion. | 
The molecule NO, contains one more electron than CO, and one less 
than O3. This suggests that the electronic structure would be a hybrid of 


x 
o Nx x N 
o “o and ox” 
xO 50 o0 °Ox 
ox os * 0 ar 
with 
x x 
N 
x +X x 
ox xo ox 9 
3 and o 
sO” "© xO° Ox 
oXy% x o ox xo? 


perhaps being also of some importance. The upper two are likely to be 

more important because it would appear that, for them, interelectron 

repulsion energy would be less than for the disposition of electrons rep- 
“resented by the lower two formulae. 

Now there is an interesting feature about the above electronic struc- 
tures which is that, in all cases, the electrons of one spin (the crosses) 
favour a bent molecule while the electrons of the other spin (circles) 
favour a linear molecule. This is apparent if the tetrahedral dispositions 
of the four domains for the electrons of one spin for each atom are ex- 
amined. Now all the well-known triatomic molecules or ions except NO, 
are either linear or have interbond angles:between 90 and 120°. But NO» 
has an ONO angle of 134°. This unique value is easily understood on the 
basis that the angle is between the 180° favoured by one spin-set and the 
90-120° favoured by the other spin-set. 

Benzene: The hypothesis being presented here proposes that the elec- 
trons should be considered as two spin-sets, each assigning to the neigh- 
bourhood of every carbon, nitrogen, oxygen, and fluorine atoms, four 
electrons, occupying separate domains, which are disposed tetrahedrally e 
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round the nucleus. The most important structures will be those which, 
within these limitations, (a) have as many bonding electrons as possible; 
(b) separate the electrons of the two spin sets as much as possible; (c) 
do not build up large positive or negative charges in any region (ef. the 
previous discussion of O3, and also NO). 

On this basis the structure that will be expected for benzene is: 


CaCa 
o 2S oH 


Ox 


Each carbon atom has a double-quartet of electrons and the geometry 
allows the four domains of each set at every carbon atom to be tetra- 
hedrally disposed without distortion. The domains of one set are dis- 
posed differently from those of the other, so interelectron repulsion is 
reduced. The distribution of the electrons is very uniform and suitable to 
the nuclear charges involved. Calculations of a limited kind that have 
been carried out by P. B. Empedocles for this formula (electron distribu- 
tion) indicate that it does give a better representation of the electronic 
structure of benzene than does the more conventional “resonance hy- 
brid” of two Kekulé structures 


H H 
Ho org xH H, " Ox, xH 
CP aoe co ee 
xo “x and 22 os 
ol 2 C x gO. BCs 
+ H oes x H H” x e” H 
H H 


These imply a greater interelectronic repulsion energy than does the 
structure involving six ‘‘three-electron bonds” and hence are likely to 
provide a less good representation of the lowest energy state. 
Nitroso-Compounds: The alkyl and aryl nitroso compounds (e.g., HNO, 
CHNO, and CHNO) are different from the halogen compounds: FNO, 
CINO, and BrNO. For instance, the former dimerise while the latter do 
not. Physical measurements show that the NO bond in the first group of 
compounds is longer and weaker than that in FNO, ete., which more 
resembles that in NO itself. Also the FN, CIN, and BrN bonds in the 
halogen compounds are very much longer (0.15 to 0.2 A) than equivalent 
bonds in other molecules which clearly consist of an electron pair (e.g., in 
NF; or NH2Cl). Two electronic structures seem reasonable possibilities 
~ (having regard to distribution of electronic charge) for the nitroso com- 
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ANG a and PAxN%30%8 

The former achieves a very even charge distribution, and there is no con- 
centration of electrons in excess of the local nuclear charge anywhere. 
However, because the AN bonding involves a pair, which must be local- 
ized in the same domain, the domains in the NO part of the molecule 
will be the same for both the spin-sets; thus, while the charge distribution 
is very satisfactory, repulsion between the electrons of the two spin-sets 
is considerable. On the other hand, in the second structure, the two sets 
of domains are disposed differently so that interelectron repulsion. is less. 
On the other hand, there is a greater concentration of electrons on A, and 
a smaller one on the oxygen atom. In HNO, CH;NO and CHNO, the 
groups, H, CH; and C,H; cannot readily assume a negative charge; that 
is, too great an energy is involved in their doing so. Consequently, these 
molecules adopt the first structure despite the greater interelectron 
repulsion. But F, Cl, and Br, which all have a considerable electron 
affinity as atoms, can assume a negative charge easily (i.e., with little 
increase in energy) so they adopt the second structure and profit, as a 
result, from the reduction in electronic repulsion. This explains why, in 
the former compounds (HNO etc.), the characteristic NO vibration fre- 
quency is 1550 em! while in the halogen compounds it is about 1800 
em}; why the NO bond length in HNO is 1.21 A but in the three halogen 
compounds: is 1.13, 1.14, and 1.15 (ef. 1.15 in NO); why, as stated earlier, 
the nitrogen-halogen pends are all unexpectedly long; why CENO 
dimerises whereas FNO, etc., do not. 

The last item is particularly interesting. A satisfactory formula for the 
dimer of RNO which separates the two spin sets is possible. This will 
mean. that there is a reduction in interelectron repulsion without the as- 
signment of any excessive concentration of electrons to the alkyl or ary] 
groups, or any reduction in the number of bonding electrons. This for- 
mula for the dimer is 


R, xR 
o x o 
x [*] xO 
Xo S OK 


It must of course be combined with the mirror image structure. The ob- 
served NN bond length is consistent with this formula. Thus, the driving 
force for dimerization is a reduction in interelectron repulsion energy 
because the structure for the monomer, which disposes electrons in pairs 
in the domains (1.e., conventional Lewis formula), is replaced by a struc- 
ture which separates the domains of the two sets, and hence also the 
electrons. For FNO, ete., no such advantage can be gained by dimeriza-e 


472 AMERICAN SCIENTIST 


tion because, already in the monomer, the two sets of domains are dif- 
ferent. This means that it is being proposed that the alkyl and aryl 
nitroso compounds dimerize because the monomer have “conventional” 
Lewis structures (and electron distributions) while FNO, ete., do not 
dimerize, but remain in the monomoric form, because the monomer does 
not have a “conventional” Lewis structure, but one which separates the 
electrons of one spin-set from those of the other. 

A similar effect presumably accounts for the unexpectedly short OO 
bond in FOOR (1.22 A. cf. Ox: 1.21 and HOOH. 1.48) and the unex- 
pectedly long FO bond (1.58 A cf. F,0 1.41). The structure 


x°X oO, oO xoy 
oko xo fa) f 
gk Qs 9 xa * 


reduces electronic-repulsion by separating the domains of one spin-set 
from those of the other. This is achieved by creating a somewhat high 
concentration of electrons on each fluorine atom. This is allowable for a 
fluorine atom, but a hydrogen atom cannot assume such a large share of 
the electrons, so HO: has the structure 


hg XS, 
H7O 2 OoH 
XO ox 


and the bonds are “normal” electron-pair bonds. 

Free Radicals: There are some free radicals (i.e., species containing an 
odd number of electrons) which are particularly stable; and unexpectedly 
so on the basis of the classical Lewis electronic theory of valency because 
each atom cannot have as its valence shell an octet made up of four elec- 
tron pairs. One of these stable free radicals is diphenyl-picryl-hydrazyl 
which can be kept for long periods and does not dimerize. On the present 
hypothesis, the electronic arrangement in the vital NN region can be 
represented by 


CeHs, 
o0 
Xo 
NX 


CeHs° i 


o 


Nx CsH2 (NO3) 3 


Each nitrogen has an octet (double-quartet) of electrons. Moreover, if 
the consequences of dimerization are examined, it will be found that 
there would be no increase in the number of bonding electrons but there 
would be an increase in interelectron repulsion because the two sets of 
domains would become identical. The above formula is consistent with 
the electron spin resonance spectrum which shows that the odd electron 
is equally divided between the two nitrogen atoms. 
Another free radical which shows a similar stability is diphenyl nitric 
oxide. Crystals of the dimethoxy derivative have been studied by x-ray 
eiffraction and the NO bond length (1.23 A) is virtually the same as in 
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nitromethane (1.22 A). The electronic formulae of these “molecules” 
would be represented by 


9% x 
CoHsx „0 á 
K 
"NOS CHsSN,s 
x 
CeHs° O x 
xo 
xo 


so that the equality of lengths is understandable. The NO characteristic 
frequency (1350 em~') of (CH) NO is between that it. CH;—N=O 
(1550) and that in (CH) N—>O (950) which is consistent with the bond 
beimg a three-electron. one. 

The stability of other free radicals such as semiqumones, Würsters 
blue cation and viologens, can be accounted for in a similar manner. The 
stability of radicals like triphenyl-methyl however cannot be accounted 
for in this way. It seems to the writer that the stability of this type of 
radical is a consequence of there being many resonance structures. A con- 
sideration of the reason why this should confer stability is beyond the 
scope of the present article. 

Xenon Difluoride and Diborane: Calculations by Miss Bilham suggest 
that, the most satisfactory formula for this molecule is 


oxo KOx xo 


eae: 

each atom having an octet. In this formulation the xenon carries an 
excess positive charge, and the fluorines carry excess negative charges. 
The molecule is linear because one tetrahedral spin-set on the xenon is 
staggered with respect to the other; one electron in each spin-set is bond- 
ing and because of fluorine-fluorine non-bonded repulsion, electrons 
which are directly opposite one another are employed. The two spin-sets 
round both fluorines are also staggered with respect to one another. 
Consequently, interelectronic repulsion energy is low in this molecule. 

Calculations by B. J. Duke indicate that the most satisfactory chemi- 
cal formula for the rmg in diborane is 


i, 
H-B? BH: 
there being four one-electron bonds. The structures of other boron hy- 
drides can also be formulated using one-electron bonds. Another similar 
example is the formula of the hydrogen. bond in the HF}~ ion which can 
be written as j 


again a structure involving two one-electron bonds is used. 
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Conclusion 


The object of the present article has been to try to bring out those 
features which, it seems to the writer, are basic for considering the quali- 
tative behaviour of electrons in atoms and molecules. These are (a) the 
electrostatic attraction between nuclei and electrons and the potential 
energy associated with this; (b) the fact that electrons cannot be local- 
ized but can only be associated with regions of space (here called do- 


-mains) and the additional fact that the extent of a region is associated 


with the kinetic energy of the electron occupying that region, the kinetic 
energy being smaller the larger the region; (c) the consequences 
of the Pauli Principle which, with the additional factor of interelectron 
repulsion, makes it possible to treat the domains for electrons of the same 
spin, to a satisfactory approximation, as being virtually exclusive; (d) 
the effect of interelectron repulsion between electrons having opposite 
spins which tends to keep the two spin-sets apart and to mean that, if the 
two spin-sets are separated, the potential energy is reduced. 


In this article the domains have not been described in terms of hy- 
bridized atomic orbitals (though this is probably the most satisfactory 
way of describing them). This was done because it seems to the author 
that the use of hybridized orbitals can easily obscure, to some degree, the 
more fundamental features of the behaviour of electrons which are sum- 
marized for us by the Pauli Principle (i.e., the detail and technique can 
obscure the principle). 

This article has been limited to molecules in which the atoms (except 
hydrogen) acquire a share of eight electrons; the octet. For atoms of 
higher atomic number it seems that the valence shell can contain more 
than eight electrons. The ideas presented here can be extended to such 
systems by considering for instance, in addition to double-quartets, 
double-pentets, double-sextets, etc., of electrons. 


The way of regarding the electronic systems which is presented in this 
article is basically of the type usually described as valence-bond in that 
attention is focused on the local situation in the neighbourhood of each 
atom. However, in the conventional valence-bond method, the electrons 
are considered in pairs; lone pairs and shared pairs. That is, only those 
structures are considered for molecules containing an even number of 
electrons which assign two, one of each spin, to each domain. These are 
the conventional structures proposed by G. N. Lewis, and improved 
descriptions have been proposed by Pauling and others which make use 
of resonance between (i.e., combinations of) these Lewis-structures. 
However, it is proposed here that structures in which the electrons of one 
spin occupy a different set of domains from those of the other are allow- 
able. This means that the octet is to be considered as being made up of 


a two spin-sets of four electrons, each tetrahedrally disposed round the 
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nucleus. The two spin-sets may be disposed in coincident domains, but, 
on the other hand, it is possible, in many systems, for the domains of one 
spin-set to be disposed differently from those of the other spin-set. More- 
over, it is proposed that, because thereby mterelectron repulsion 1s re- 
duced, structures in which the two sets of domains are not coincident 
can. be of particular importance. 
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DISPERSION STRENGTHENING OF 
METALS 


By RICHARD B. ELLIS 


ESIGNERS of nuclear power plants, hypersonic aircraft, and space 
D vehicles are contmually seeking materials that have high strength 
at elevated temperatures. These requirements have been met in part by 
the precipitation-strengthened “superalloys” that are suitable for appli- 
cations up to around 1800°F. The refractory metals, tungsten, molyb- 
denum, columbium, and tantalum, may sometimes be used when the 
service temperature exceeds the useful temperature of the superalloys. 
However, the refractory metals are expensive, peng: to fabricate, and 
have poor resistance to oxidation. 

There is a limit to which one can extend the service temperature by 
precipitation strengthening. In precipitation-strengthened alloys, a 
phase that is soluble in the matrix at temperatures well below the melting 
point comes out of solid solution as a fine-grained dispersion during a 
heat treatment. Consequently, the strength of the alloy is lowered as the 
temperature rises into the range where the dispersed phase goes back into 
solution. 

Within recent years, considerable effort has been devoted to the de- 
velopment of dispersion-strengthened alloys in which the dispersed 
phase is insoluble in the matrix. There are some striking similarities as 
well as some important distinctions between precipitation and dispersion 
strengthening alloys. In both materials, the dispersed phase consists of 
very small particles (<0.001 inch in diameter) distributed uniformly 
throughout a metal matrix. A significant difference is that precipitation- 
strengthened alloys are melted, cast, and heat-treated in conventional 
procedures, whereas dispersion-strengthened alloys are generally pre- 
pared by powder-metallurgical techniques. 

The dispersion-strengthening process is so new that there are only two 
types of dispersion-strengthened metals on the market commercially. 
Aluminum alloys made by powder metallurgy are being used in the 
nuclear power field as structural members and for sheathing fuel rods in 
some reactors, and in components for jet engines. TD Nickel, the other 
product, is used in a number of aerospace applications, including jet 
engines, where its superior temperature resistance will permit operation 
at higher temperatures with a resulting increase in efficiency. Other 
potential applications appear in the area of high-temperature heat ex- 
changers and regeneratively cooled rocket engines. 

In general, dispersion-strengthened alloys will be chosen where service 
a temperatures are higher because they will have usable strength up to 80 
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to 90 per cent of the melting point of the base alloy instead of the 65 to 
70 per cent limit of the precipitation-strengthened alloys. This boost 
means extending the use of nickel from about 1800° to about 2400°F., or 
the use of aluminum from 500 to 900°F. 





Powder 
Process Product 





eo 


Extrusion 
Fra. 1. Steps in manufacture of SAP products (after Bloch’). 


History 


Research which eventually led to the dispersion-strengthening process 
began as early as 1909 in Europe. Experiments with various aluminum 
powders in 1922 led Franz Sauerwald [1] to the conclusion that the oxide 
film that forms on aluminum surfaces interfered with pressing and sinter- 5 
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ing of the powders to such an extent that a coherent body could not be 
obtained. This concept was accepted for almost 20 years until the metal- 
lurgist Max. Stern [2] described the effect of the oxide film in strengthen- 
ing the end product. In a 1940 patent, he disclosed a process which may 
be considered basic to the production of dispersed alloys in two respects. 
He used particulate aluminum and magnesium scrap—turnings, filings, 
grinding dust, etc.—-and he used hot pressing, hot forging, and hot ex- 
trusion at temperatures up to 900°F. to rupture the oxide film on the 
particles and fo obtain metal-to-metal contact. 

The dispersion-strengthening phenomenon was first observed in prod- 
ucts made from sintered aluminum powder (SAP) by the Swiss metal- 
lurgists Alfred von Zeerleder {3} and Roland Irmann {4}. Their develop- 
ment was announced in 1949 by Aluminium Industrie Aktien-Gesell- 
schaft. In connection with the discovery, von Zeerleder [3] said in 1955, 
“When making standard specimen rods for spectrographic analysis by 
mixing pure aluminum and other elements in powder form, Dr. Irmann 
and his associate P. Nater were impressed by the high hardness of the 
hot-pressed rods. Detailed mechanical tests revealed the surprising fact 
that even specimen rods prepared from unalloyed powder showed me- 
chanical strength values which approached those of alloys.” It was soon 
realized that the high strength of these specimens was due to the particles 
of oxide from the surface of the powder that became distributed through- 
out the body by the compacting and extrusion processes used in making 
the rods. Extensive research followed in the laboratories of the AIAG in 
Switzerland and of the Aluminum Company of America in this country, 
which uses the name Aluminum Powder Metallurgy (APM) Products. 

It was immediately recognized that the potentialities of this discovery 
were not limited to aluminum products. Numerous investigations into a 
variety of systems have been made, especially by Nicholas Grant of 
Massachusetts Institute of Technology, Fritz Lenel of Rensselaer Poly- 
technic Institute, Claus Goetzel of New York University, and their re- 
spective co-workers. 


Methods of Preparation 


The general procedure for the production of SAP and APM products 
is illustrated in Figure 1. Various modifications of this process have been 
used. For instance, the sintering and hot-compacting steps, or the hot- 
compacting and extrusion steps, may be combined, or the extrusion may 
be replaced with other forms of hot-working such as forging, swaging, or 
rolling. The starting powder is generally a flake type, prepared by rolling 
and stamping until the metal becomes brittle from work-hardening and 
breaks up into flakes. The flakes are ball-milled to achieve the desired 
particle size and oxide content. The milling is a combination of com- 

e minution and welding. The comminution exposes fresh fracture surfaces 
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which promptly become coated with an oxide film approximately 100 A 
thick. Later, these surfaces become welded together under the impact of 
the balls and the oxide films are broken into fragments that become em- 
bedded in the metal matrix. The oxide that forms during preparation of 
the powder is a hydrous, amorphous form. During sintering, the oxide 
loses water and crystallizes, and the evolved water reacts with metal to 
form more oxide. These reactions are important in establishing a strong 
bond between the metal matrix and the dispersed particles, which con- 
tributes to the strength of the final product. Thus, it is a fortunate hap- 
penstance that the properties of the oxide coating are just right to give a 
dispersion with properties that are just right for strengthening. Attempts 
to apply this principle of surface oxidation to other metals such as mag- 
nesium and titanium have had only limited success. 

A variation of the SAP process is one in which an intermetallic com- 
pound rather than the metal oxide is used to strengthen the alloy. In this 
process the powder is made by atomization of a molten aluminum alloy 
containing iron, nickel, or manganese. The very rapid chilling of the 
atomized droplets produces a very finely dispersed precipitate of an 
intermetallic compound, NiAlk, FeAl, or MnAls. This powder 1s com- 
paratively low m oxide, 0.5 to 1.0 per cent. When this powder is processed 
as before, the resulting alloy is strengthened by the dispersed precipitate 
of the intermetallic compound. 

Another method that has been developed well enough to go into com- 
mercial production is based on co-precipitation of mixed oxides, followed 
by selective reduction of the less stable oxide. The precipitation step 
may involve insoluble compounds that decompose to oxides on heating, 
e.g., hydroxides, carbonates, or oxalates. The commercial product 1s Du 
Pont’s TD-2 Nickel, a 2 per cent by volume dispersion of thoria (thorium 
dioxide) in nickel. Nickel hydroxide is precipitated from a solvftion con- 
taining a soluble nickel salt and a colloidal suspension of thoria. The 
precipitate is dried, granulated, and fired in hydrogen to give a powder of 
nickel metal, each particle of which contains dispersed thoria. This 
powder is processed by conventional techniques into rod or sheet without 
affecting the degree of dispersion of the thoria. 

An obvious variation of the surface-oxidation technique 1s to apply to 
a metal powder a coating of some compound other than its own oxide. 
For instance, the oxides that form on copper, nickel, and stainless steel 
are not stable enough to serve as the dispersoid, but the metals are de- 
sirable as the matrix. Coatings of stable oxides, carbides, nitrides, bo- 
rides, etc., have been applied to powdered metals, but the resulting 
products have not been as satisfactory as the SAP-APM type. One draw- 
back is that, in order to obtain a suitably fine dispersion, the metal par- 
ticles should be of sub-micron size and each particle must be uniformly 
coated. It is very difficult to keep such small particles from agglomerat- e 
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ing, which results in nonuniform coating. Another problem is that m 
many cases the bonding between matrix and dispersoid is unsatisfactory. 

The method most often used in exploring new combinations is to mix 
powders of the desired metal and disperse phase (nickel and alumina, for 
example), followed by the usual powder metallurgical practice of compac- 
tion, sintering, and working. This method is versatile in the number of 
combinations that may be tried. For example, the oxide of aluminum, 


Ni — 2% Thoria 
{Moon Thorig meaner 6.032 2} 
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Frc. 2. Electron micrograph of TD-Nickel mag. 5000X. Courtesy E. I. duPont de 
Nemours & Co. 


magnesium, thorium, zirconium, or titanium might be used as the dis- 
perse phase, and iron, nickel, cobalt, copper, aluminum, magnesium, lead, 
gold, or stainless steel as the base metal. There are problems in obtaining 
uniform dispersions because of the great tendency of very fine powders to 
agglomerate, and uniformity is very important to strength. 

Excellent results have been produced in certain cases by a method that 
is called internal oxidation because it involves diffusion of oxygen into a 
solid solution of a reactive metal in a more noble metal matrix, such as 
aluminum in copper. The chosen alloy is powdered and then heated in an 
atmosphere of controlled oxygen content. After the oxidation step is 
complete, the powder is heated briefly in hydrogen to reduce surface 
oxides which would interfere with the subsequent compaction and sinter- 
ing procedures. The reactive metal is preferentially oxidized, resulting in 
a very fine dispersion of the oxide in the noble metal, e.g., aluminum 
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oxide in copper. These products show the same degree of enhancement 
in strength and hardness as do the SAP products. However, the diffusion 
process Js slow so that the preparation is tedious and expensive. A similar 
but less successful technique is to zone-melt a nickel-aluminum alloy in 
an atmosphere containing some oxygen, giving a dispersion of aluminum 
oxide in nickel. The time that the matrix is molten must be kept to a 
minimum to avoid agglomeration of the alumina. 

If a copper-thorium alloy is mixed molten with a copper-boron alloy, 
thorium boride precipitates as a fine dispersion. This procesg 1s similar to 
the precipitation-strengthening processes, but differs in that the ThB 
precipitate will not redissolve on heating. This idea has also been applied 
by mixing two powders of the same matrix metal but containing mem- 
bers of a reacting pair. Solid-state diffusion results in precipitation of an 
intermetallic compound. Obviously, the process is slower than when 
molten alloys are used. Busk and Leontis {5} mixed powders of Mg- 
0.6%Zr and Mg-36%Al. After compacting, sintering, and hot-working, a 
heat-treatment caused precipitation of AlZr;. These approaches to ob- 
taining stable dispersions appear to hold promise for more interesting 
developments. 

The newest technique for obtaining strengthening dispersions involves 
electrodeposition. Sub-micron-sized alumina particles are dispersed in a 
Watts-type nickel-plating bath and become embedded in the deposited 
nickel without agglomeration. Zirconia and thoria have likewise been 
dispersed in electrodeposited nickel. Other variations are alumina in 
nickel-cobalt alloys, in cobalt-taungsten alloys, and in gold. At the present 
stage of development there are limits on the sizes of samples attained, 
but there are no inherent restrictions to prevent eventual production of 
many useful articles. There are obvious advantages to being able to 
electroform directly to desired shapes rather than starting with billets. 


Strengithening Mechanisms 


The increased strength of dispersion-strengthened alloys results from 
the interference of the dispersed particles with the movement of disloca- 
tions through the crystal lattice. 

According to current theory, deformation of a metal structure takes 
place by the movement of dislocations, which are line defects in the 
crystal lattice resulting from a difference in the number of rows of atoms 
on the two sides of a slip plane, as illustrated in Figure 3. In Figure 4, the 
dislocation has jumped one cell unit to the right by a simple flip in atomic 
bonding, stimulated by a shearing force. Figure 5 shows the unit of slip 
produced when the dislocation reaches the edge of the crystal. Many 
such slips will lead to a visible deformation. 

Barriers to dislocation movement range in size from single atoms up to 
micron-sized inclusions. The strengthening effect of solute elements has 
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been known since primitive times, but a suitable explanation of the mech- 
anism had to await the development of dislocation theory. The pres- 
ence of a foreign atom is enough of a discontinuity in the lattice to retard 
the movement of a dislocation past it. 

The presence of discrete particles of a separate phase, such as occurs in 
dispersion strengthening, acts on a larger scale in much the same manner 





Fig. 4. Dislocation has moved one 
atomic unit to the right, under influence 
of a small shearing force indicated by 
arrows (after Zackay), 





Fig. 3. Dislocation in a cubic crystal 
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Fie. 5. Dislocation has reached edge 
of crystal, producing a unit of slip 
(after Zackay!). 


to impede the motion of dislocation lines. There are variations in detail 

of the mechanism depending on the nature, size, and distribution of the 
dispersed particles. 

There have been a number of theories proposed to explain the mecha- 

a nism of dispersion strengthening, each with some virtues and some defi- - 
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ciencies. The theory generally accepted at present was proposed by Lenel 
and Ansell te) of Rensselaer Polytechnic Institute in 1960. They suggest 
that the first dislocation passes between the particles, leaving a disloca- 
tion loop around each. Successive dislocations pile up around the particles 
until the accumulated stress causes them to yield or fracture. The yield 
stress of the alloy is inversely proportional to the square root of the 
interparticle spacing and is directly proportional to the square root of the 
yield strength or the shear modulus of the particle, depending on whether 
the particle deforms or fractures. In the case of a very fine dispersion, the 
dislocations in the pile-up are not straight, but curved and°there will be 
an enhanced strengthening effect due to an added contribution from the 
curved dislocation line energy. To get very small interparticle spacing 
without an excessive volume fraction of dispersoid, the particle size must 
also be very small. 
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Fig. 6. Stress—temperature curves for rupture in 1000 hours; data from ref. 11 
and 12. è 


In order to attain high strength at high temperatures, the matrix metal 
should have a high melting point and a high strength to begin with. If it 
is to impart additional strength, the material of the dispersed phase 
should have a high thermal stability in contact with the matrix, a low 
solubility in the matrix, a low diffusivity in the matrix, and a high 
strength. The dispersion should consist of a uniform distribution of par- 
ticles less than one micron in size, preferably 100 to 1000 A, with an 
interparticle spacing of less than one micron. There is little known about 
the effects of particle shape; some researchers favor a plate-like shape. 
Lenel and Ansell’s theory specifies that there must be wetting or bonding 
between the matrix and the dispersoid. There are examples of some 
strengthening effects in systems in which there appears to be little or no 
bonding, but these effects are proportionally much lower than the effects 
in bonding systems. 
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Strength. Improvement 


The improved behavior at elevated temperatures of SAP alloys is 
shown in Figure 6 by comparison with ordinary aluminum alloys. The 
behavior of SAP has grown to be accepted as the first major plateau in 
grading efforts to improve other systems. Since aluminum has a low 
melting point, the behavior of SAP can only be compared to high-tem- 
perature systems by some method that rationalizes the difference in 
temperatures. This has been done in Figure 7 where the 0.25% offset yield 
strength of various systems can be compared to that of SAP. The yield 
strengths of the different systems are compared at homologous tempera- 
tures, i.e., levels that are equal fractions of the systems’ melting points. 
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Fig. 7. 0.25% offset yield strength—homologous temperature T = test tempera- 
ture °K, Tm = melting point °K; data from ref. 13 and 14. 
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The importance of interparticle distance in developing strength has 
been shown by measuring the stress required to rupture in 1000 hours at 
1500°F. for a series of nickel-aluminum oxide alloys with varying inter- 
particle distance. The values ranged from 3000 psi at 10-micron separa- 
tion to 10,000 psi at 2-micron separation.* The distance between par- 
ticles of aluminum oxide in SAP is approximately 0.3 micron. If the work 
that has been done with nickel-dispersoid systems were extrapolated to 
give the same interparticle distance as that of aluminum oxide particles 
in SAP, then the strength of the nickel would be improved to a degree 
comparable to that of aluminum. This point is illustrated in Figure 6. 


* In comparison, ordinary nickel has a strength of 2000 psi under the same condi- 
tions. 
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The Future 


There are several unsolved problems to interest researchers. A tanta- 
lizing one is the observation by Sherby 17] that SAP alloys show no dis- 
continuity in creep strength at the melting point of aluminum. How can 
a, dispersion fail to go fluid when the matrix melts? Sherby could only 
suggest that the aluminum oxide particles must form an interconnecting 
network. Peiffer [s] has observed the same phenomenon in dispersions of 
alumina in silver. However, in both cases, electron microscope pictures 
indicate that the particles are not interconnected. No explanation has 
yet been discovered. 

At the present state of development, dispersion-strengthened alloys 
must be made by powder metallurgy techniques. They cannot be melted 
for casting because the dispersed phase agglomerates very quickly when 





Fig. 8. Afterburner activating cylinder assembly for the J75 jet engine. These APM 
parts are used at temperatures as high as 900°F. Courtesy Aluminum Company of 
America. 


the matrix is molten. If this disadvantage could be overcome, it would 
be possible to make the alloys by incorporating the disperse phase as a 
powder into a melt of the matrix metal. This method would be much 
easier and cheaper than the present methods involving lengthy pretreat- 
ment of powders followed by the several steps of compaction, sintering, 
and hot-working. 

The present production methods limit the choice of matrix to a single 
metal or a simple alloy. Hence, the strengthening effects of a disperse 
phase have not yet been combined with other strengthening mechanisms. 
Some dispersion-strengthened alloys can be work-hardened to some ex- 
tent, but the increase in strength is not very important. The superposi- 
tion of dispersion-strengthening on the strength of present superalloys is 
an area of considerable current interest. Here again the possibility of 
forming the dispersion in the molten state would be a great advantage. 

A serious limitation in the use of dispersion-strengthened alloys is the 
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Fic. 9. One of the interesting new applications of Du Pont’s TD nickel sheet is 
this honeycomb structure manufactured for an aerospace application. Layers of 2- 
mil thick sheet were joined by diffusion bonding to achieve the end result. (Fabri- 
cation by Hexcel Corp., Berkeley, Calif.). 
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fact that a welded joint loses the enhanced strength of the alloy as a re- 
sult of agglomeration of the dispersoid in the part that was molten. 

Continuing work in the field of dispersion strengthening will result in 
improved products and a better understanding of the strengthening 
mechanism. The products will be used in more efficient heat engines, 
faster supersonic aircraft, and cheaper manufacturmg processes where 
high temperature is a controlling factor. 
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POLAR RISE AND EQUATORIAL FALL OF 
SEA LEVEL* 


By A. J. EARDLEY 


3e of submerged and emerged shorelines, and of the depths of 
continental shelves, suggests that sea level has risen in the Arctic 
and fallen in the equatorial regions. The amount seems to be in the range 
of 600 ft. This is a measurable effect since the Cretaceous. 

The cause is thought to be a slowing-down of the earth’s rotation, due to 
the drag of the lunar tides. The equatorial bulge of the solid mantle and 
crust has lagged in adjustment to the slower rate of rotation, but the 
ocean waters have adjusted immmediately. 


North America 


East Coast: The east coast of North America has long been recognized 
as one along which genera] emergence has occurred southward of Long 
Island and submergence northward. A coastal plain of Upper Cretaceous 
and Cenozoic sediments appears on Long Island and broadens southward 
to Georgia and the Gulf Coast, where its inner margin is at least 600 
ft above present sea level, and before erosion may have been higher. 
From Long Island northward the Paleozoic orogenic belts become pro- 
gressively embayed by the ocean waters northward through the Gulf of 
Maine, the Gulf of St. Lawrence, and the Grand Banks of Newfound- 
land. The Cretaceous and Tertiary sediments are completely overlapped 
by the advancing sea, and lie submerged on the broad continental shelf. 
The Arctic margin of North America, 700 miles broad, is half submerged 
(see Figuse 1). 

A graph of the depth of the outer margin of the Atlantic continental 
shelf of North America, shown in Figure 2, indicates that the break in 
slope becomes progressively deeper from low latitudes to high. At Lat. 
30°N it is approximately 600 ft deep, and at Lat. 82°N in the Arctic 
it is 1300-2000 ft deep. The Mississippi delta is abnormal and should 
not be considered in this connection, nor should Florida, which has had 
a local history of subsidence and downtilting to the south throughout 
Cretaceous and Cenozoic time. 

The depths of incision in the continental shelf of the Hudson submarine 
valley, the St. Lawrence valley, and the broad valleys in the shelf 
between Spitzbergen and Novaya Zemlya are also shown on Figure 2, 
and are progressively deeper from south to north. They suggest either a 
progressive subsidence of the land or a rise in sea level from Lat. 30°N 


* Presidential address, National Association of Geology Teachers, presented at 
a New York, November 20, 1963. 
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West Coast: Puget Sound marks the change on the Pacific Coast from 
fairly bold, straight shorelines on the south to embayment on the north 
(Figure 1). The fiord land of British Columbia and southeastern Alaska 


ATLANTIC COAST 
75°N 50°N 25°N o* 25°S 50°S 75°95 


NORTH AMERICA o SOUTH AMERICA 


FATHOMS 


FATHOMS 





3090 - 
Fig. 2. Depth of outer margin of continental shelf. Top chart is along Atlantic 
coast of North and South America and bottom chart is along western coast. Data 
chiefly from U.S. Navy Hydrographic charts. The single circles indicate a fairly 
definite fix; the connected bars indicate the closest range determinable within which 
the break in slope occurs; the arrowed circles indicate the upper limit but not the 
lower. GB, Grand Banks; HV, Hudson submerged valley; L, Labrador; SEG, 
southeast Greenland; NEG, northeast Greenland; LA, Laptev Sea; NZ, Novaya 
Zemlya; SLC, St. Lawrence submerged valley; NZV, Novaya Zemlya submerged 
valley; ANT, Antarctica; F, Datum from echo-sounding profile off Valparaiso. 


is well known for deep sea-flooded valleys that dissect the continental 
shelf and margin for more than 100 miles inland. The shelf margin, and 
the depth of incision of the numerous valleys in the shelf, do not show 
a progressive deepening to the north, at least between Puget Sound 
(48°N) and Cross Sound (58°N); this may be due to the extensive 
glacial erosion and sedimentation in the region (Figure 2). The crust 
along this shore has adjusted upwardi600 ft since Wisconsin time as a 
result of glacial melting, but even with complete melting of the glaciers 
and total isostatic adjustment, the coast would remain much drowned. 
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The Tertiary Coast Ranges stretch from Puget Sound southward, and 
since they were formed by Middle and Late Cenozoic orogeny it is 
probably impossible to discern the extent of uplift of the continental 
margin or the fall in sea level. Raised beaches are prominent in many 
places and indicate Quaternary uplift. 

The Coast Ranges of California are similar to those of Alaska, inas- 
much as Tertiary sediments and orogeny are involved in both. Yet the 
Alaskan Coast Ranges are much embayed, from Yakutat Bay through 
Prince William Sound and Cook Inlet to Kodiak Island, whereas the 
Coast Ranges of California with a few exceptions present rather bold 
straight shorelines, lacking embayments. Tertiary sediments have been 
elevated in the Coast Ranges of Alaska several thousand feet above sea 
level, yet the ranges are extensively embayed. The writer looks upon 
this contradictory situation as one in which the orogeny and consequent 
structures developed independently of sea level, and with rising sea 
level in Alaska the deformed strata became somewhat drowned whereas 
with falling sea level in California the deformation developed an exten- 
sive emergent terrain. 

Conclusion: North America, if considered relative to a uniform sea 
level, thus appears to have tilted downward to the north and upward to 
the south, with the hinge line extending from Lat. 42°N on the east to 
Lat. 48°N on the west. It is here postulated, however, that sea level 
has changed, having risen in the polar regions and fallen in the equatorial 
regions. Reasons will be pointed out later. 

Epeiric movements inside the continent have also occurred, partic- 
ularly the late Cenozoic uplift of the Great Plains, Colorado Plateau, 
and Rocky Mountains. These crustal movements range up to 8000 ft 
in magnitude, and are believed to stem from activity in the mantle. 
Along the Atlantic coast the vertical movements of land relative to sea 
level are undoubtedly separate in origin from the intracontinental move- 
ments. The Cenozoic belts of orogeny along the Pacific coast do not 
yield as clear a picture of relative and progressive land—sea movements 
as that of the Atlantic. 

It should be noted that the hinge line between emergence and sub- 
mergence on the Atlantic has shifted southward in late Cenozoic time, 
for originally it was at Long Island or northward (Lat. 42°N) and is 
now as far south as Cape Hatteras (Lat. 35°N). The embayment at the 
mouth of the Columbia River may indicate a southward shift on the 
Pacific coast. 


South America 


West Coast; The Andean mountain complex is one of uplift and emer- 
gence from the Isthmus of Panama to Lat. 40°S; from this latitude south- 
ward through Tierra del Fuego the orogenic system becomes progres- 
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sively drowned. There are undoubtedly a number of local exceptions to 
the generalized statement, but the broad picture is clear (see Figure 1). 

East Coast: The Brazilian Shield was almost entirely below sea level 
in Late Cretaceous time and has since become land. Cretaceous deposits 
veneer Precambrian rocks extensively from the equator to Lat. 24°S. 
A very narrow coastal plain and continental shelf occur, and the coast- 
line is generally bold and unembayed like a coast of emergence. Some 
geologic event in pre-Cretaceous time, perhaps rifting, has left this margin 
unusually abrupt, and so with uplift little coastal plain has been pro- 
duced. s 

The first major embayment is the Rio de la Plata at Lat. 30°§, 
and from this place southward the continental shelf becomes very broad 
and the continental margin much submerged. The extremely narrow 
shelf of the low latitudes, in fact, begins to broaden off Rio de Janeiro 
(Lat. 23°S), where it is about 80 miles wide. At Lat. 38°S it is about 
150 miles wide, and at Lat. 45°S it is 300 miles wide. The hinge point 
between uplift and submergence as well as can be told on the east 
coast of South America is at about Lat. 35°S and on the west coast at 
40°8. 

The depths along the outer margin of the continental shelves of South 
America, plotted on Figure 2, show fairly well a deepening toward the 
south. 


Arctic Region 


A glance at the geologic map of the Arctic published by the Alberta 
Society of Petroleum Geologists (1960) shows strikingly the drowned, 
embayed nature of the continental margins around the Arctic Ocean 
basin. The outer margin of the shelf les at depths of 1200 to 1350 ft 
from Greenland across Spitzbergen and Novaya Zemlya, as well as can 
be discerned from U.S. Navy Hydrographic charts. This is approxi- 
mately the depth of the outer margin of the Antarctic shelf. Broad 
submerged valleys in the shelf between Spitzbergen and Novaya Zemlya 
reach depths at the outer shelf margin of about 1800 ft. 

The Alaskan Arctic Coastal Plain and Mackenzie delta are exceptions, 
for there the outer margin of the shelf lies only 150 to 500 ft deep. The 
Alaskan Coastal Plain is an emergent region, principally since the Cre- 
taceous. Tectonically, it is a contmuation of the Great Plains province 
of the United States and Canada, and may have been responsive to the 
same causes of epeiric uplift in late Cenozoic time, and thus an excep- 
tion to the widespread submergence of the rest of the Arctic region. The 
Mackenzie delta, like other river-built margins, is exceptional, and its 
profiles are not useful for the decipherment of sea-level movements. 

The shelf beneath the Chukchi and East Siberian seas is rather shallow, 
but reliable data for the depth of the outer margin of the shelf were not 
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found. Perhaps this region is a continuation of the Arctic Coastal 
Plain of Alaska. 


Antarctica 


Continental Shelf: The continental shelf around Antarctica ranges in 
width from 25 to 200 miles and averages approximately 50 miles. The 
maximum width of the shelf across the Ross Sea is 400 miles, and the 
Berkner Bank in the Weddell Sea is 300 miles broad. The outer edge of 
the shelf is marked by the 1800-ft isobath on Atlas Plate 65 of the 
National Geographic Society map of 1963. Soundings under the Ross 
Ice Shelf range from 1476 to 3030 ft. Woollard (1962) reports a depth 
of about 400 meters (1300 ft) for the continental shelf, presumably its 
outer edge. 

Since the continental ice wedges out at the shoreline or becomes 
buoyant in the ocean waters, isostatic adjustment of the continental 
shelf would not extend many miles outward, and the outer margin of a 
shelf 50 miles broad would not be much affected. Its present depth 
should mark the pre-ice depth corrected to eustatic sea-level changes 
incident to glacial stages. 

Pre-I[ce Topography: If the continent of Antarctica were free of ice, 
there would be an upward adjustment of 3000 ft at Byrd Station and 
8300 ft at the Pole of Inaccessibility (Woollard, 1962). A profile by 
Woollard showing the amount of upward adjustment that would occur 
from Byrd Station to the Ross Sea indicates that the region was mostly 
land in pre-ice time. 

In the same basin or trough as Byrd Station, but toward the Bel- 
lmghausen Sea, is a place where the bedrock floor has been sounded 
8000 ft below sea level and where the ice is 14,000 ft thick. Upward 
adjustment here would be about 4700 ft, and the rock surface would still 
be over 3000 ft below sea level. It may therefore be judged that the 
island festoon of Palmer Peninsula would lead to a much embayed 
region between the Ross, Weddell, Bellinghausen, and Amundsen seas. 
Behrendt (1968) concludes that the rugged, high southern part of the 
Antarctic Peninsula would be separated from the Sentinel Range, and 
that the Ross and Weddell seas would be connected even after complete 
isostatic rebound (Figure 1). Although the pre-ice topography is not 
yet well defined, this part of Antarctica appears to be one in which sea 
Jevel has risen, much like that of South America south of 30°S Lat. 

The coastal region between the Amery Ice Shelf and Liitzow-Holm 
Bay is probably a large island bridged by ice to the mainland. In one 
place at least the bedrock floor is 850 ft below sea level, but since the 
ice 1s 7000 to 8500 ft thick, an upward adjustment would undoubtedly 
provide land connections with the large island. Still an embayed coast- 
line would probably exist. 
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From consideration of the depth of the continental shelf around 
Antarctica, and the pre-ice topography of parts of the continent, it 1s 
concluded that sea level has risen 600 to 800 ft. Since the Andean moun- 
tain system extends into part of this embayed region, and since the 
southern Andean system has become partly submerged in Tertiary 
time, it is thus expected that the rise in sea level around Antarctica 
occurred since the Cretaceous. 


Africa 


Coastal Plains: The sea has withdrawn in Libya and Egypt, leaving a 
broad embayment and coastal plain of Upper Cretaceous, Tertiary, 
and Quaternary sediments. Along both sides of the Red Sea are narrow 
coastal plains of Miocene sediments now elevated 600 to 700 ft above 
the sea. The large triangular peninsula of British Somaliland, Somalia, 
and eastern Ethiopia (Lat. 5~10°N) is an emergent region of marine 
Cretaceous and Tertiary sediments. A coastal plain stretches con- 
tinuously from Lat. 2°S to 28°S, in which Upper Cretaceous and Ter- 
tiary sediments have emerged (Pepper and Everhart, 1963). As the 
available maps do not show topography, the amount of uplift here is 
unknown. 

The west coast of Africa from Lat. 10°N to Lat. 13°S is almost con- 
tinuously an elevated coastal plain, involving Cretaceous and Tertiary 
sediments in much the same manner as the eastern coast. Uplifted local 
deposits of Cretaceous sediments mark the southern coast from Cape 
Town to Port Elizabeth at Lat. 34°S, where the older Hercynian moun- 
tain belt exists. At places along the coast, Precambrian rock or con- 
tinental Tertiary deposits are flanked by very narrow shelves and a steep 
continental margin. This condition seems consistent with uplift of the 
land relative to sea level as indicated by the extensive coastal plains. 

Continental Shelves: The continental shelves around Africa are gen- 
erally narrow; the continental margin is regular and abrupt, with little 
tilt or gradient and a general depth of 600 to 700 ft. This would be 
expected, according to the postulate of fall of sea level in the equatorial 
latitudes. 


Australia 


The western part of Australia is cratonic and fairly stable, much like 
that of central and southern Africa. Although the north coast facing the 
Timor Sea is much embayed, the west coast is fairly regular, with an 
exposed border of Jurassic, Cretaceous, and Cenozoic sediments. This 
condition attests to a preponderance of uplift over subsidence of the 
continental margin in Cenozoic time. Raised beaches of Pleistocene age 
are extensively developed. (See the geologic map of Australia by David 
[1931], and new map of the Indian Ocean by Pepper and Everhart 
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[1963].) The coast becomes embayed starting at about Lat. 35°S ac- 
cording to Carrigy and Fairbridge (1954), and the southern tip of con- 
tinental Australia, as shown by the Bass Strait (Lat. 38°S) and Tas- 
mania, is much embayed and drowned without a coastal plain of any 
sort. The change from general elevation of the continental margin to 
submergence thus takes place at Lat. 35°S, and approximately cor- 
responds in position to the same change in South America. 

The western Australian shelf ranges in width from 24 to 250 miles and 
is marked by inner and outer terraces. The outer one generally has a 
steeper gradient, and its edge ranges in depth from 60 to 110 fathoms 
(Carrigy and Fairbridge, 1954). 

This western Australian shelf is the site of accumulation of large 
quantities of clastic carbonate material. Primary terrigenous sediment 
is largely confined to those sectors having high rainfall and strong tidal 
flow. The origin of the shelf differs from place to place but is generally 
a combination of erosion and sedimentation. The Sahul shelf (Timor 
Sea) is smking, due probably to tectonic activity, and the Rowley sec- 
tion of the west coast is probably being locally downwarped as judged 
by a negative gravity anomaly and an outer shelf margin of 300 fathoms 
in one place (Carrigy and Fairbridge, 1954). Pleistocene eustatic sea- 
level changes are clear, especially along the north coast. 


Meaning of Depth of Shelf Margin 


There must be considerable question m the reader’s mind of the mean- 
ing of the depth of the outer shelf margin, but the evidence that it is 
generally shallow in low latitudes and becomes progressively deeper 
toward high latitudes is fairly substantial. The data here presented have 
been collected for relatively stable coasts mostly from U.S. Navy Hy- 
drographic charts. Echo sounding profiles would be highly desirable, 
and eventually must be gathered and studied. Reflection profiles that 
reveal the structure of the shelves point to a complex and partly puzzling 
origin, particularly of those that are nondeltaic. The recent article by 
Moore and Curray (1963) presents two subbottom reflection profiles, 
one off Norfolk, Virginia, and one off Newport, Rhode Island. The shelf 
or ‘‘continental terrace” in both places is analyzed as one of upbuilding 
and outbuilding during the Cenozoic. In the intervening area off the 
Hudson River, Ewing and others (1963) describe considerable pro- 
grading or outbuilding of the shelf slope (called the Hudson apron) dur- 
ing the Wisconsin epoch, while sea level was much Jower than now and 
most of the shelf was exposed. During this time the Hudson River eroded 
a broad valley across the shelf; in Recent time this valley has been 
mostly filled. A submerged terrace at a depth of 500 ft marks the max- 
imum fall of sea level, and Ewing and co-workers believe that terraces 
on the Argentine shelf at 360 to 450 ft in depth, and on the shelf of the 
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northwest Gulf of Mexico at 440 ft, mark the same shoreline. A fluctuat- 
ing sea level during the Pleistocene, of the same order of magnitude as 
the shift in sea level from low latitudes to high, as here proposed, may 
prove confusing. The polar shift is viewed as a slow process, the Pleisto- 
cene fluctuations as a superposed influence. 

The Norfolk section of the continental shelf must be viewed in relation 
to the adjacent emerged Coastal Plain. If the entire margin of the 
continent, including both shelf and Coastal Plain, were flooded at the 
beginning of the Cenozoic, sea level stood relatively about 500 ft higher 
than now. Thus the outer margin of the shelf, as it now exists, would 
have been possibly under 2000 ft of water. Genera] sediment upbuilding 
and sea-level fall have combined to reduce the depth of the margin to 
about 600 ft. 

Some shorelines, and the known sediments that build up the adjacent 
shelves, point to a late Cenozoic origin, and it may be difficult to think 
of any shelf that has endured without major alteration since the Cre- 
taceous. Yet the progressive deepening toward high latitudes suggests a 
rising sea level with which sedimentary accretion could not keep pace, 
and the complementary emergent coastal plains in low latitudes convey 
evidence that the process started at the close of Cretaceous time. 


Decrease in Earth’s Period of Rotation 


Astronomical observations over the past 200 years leave little doubt 
that the length of the day has increased, but bothersome irregularities 
have evoked much study. Ancient eclipses and occultations suggest 
that the Increase can be measured for the last 20 centuries. Munk and 
Macdonald (1960) have critically discussed the many astronomical and 
geophysical problems connected with attempts to measure the rate 
and variation of merease of length of day, and arrive at a fractional rate 
of change of 2.1 X 10-7" per annum. The slowing-down of the earth’s 
rotation is now generally agreed to be due mostly to oceanic tidal fric- 
tion, although other possible causes have been proposed, such as ex- 
pansion of the earth and shift in mass due to ice-cap formation. 

In the theories of evolution of the earth-moon system the slowing 
rate of earth rotation has been extrapolated backward. With the rate 
proposed by Munk and Macdonald it will be seen that 100 million years 
ago the earth was rotating about wọ faster than now. If a change of this 
order is sufficient to have caused a shift of the oceans toward the poles 
in the magnitude of about 600 ft of rise in sea level, it will have to be 
determined by individuals better versed in mathematics than the author. 
The presumption, of course, is that the solid earth has not responded 
completely to the slowing rate of rotation, but that the oceans have. 

Mathematical considerations of the lag of the solid earth in adjusting 
to a decreased rate of rotation may lead to a better understanding of the 
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physical properties of the crust and mantle, and it is hoped that the 
geological data here presented are worthy of such study. No doubt the 
relations of response of oceans and solid earth to slowing rotation are 
complicated and will need careful investigation. 


Historical Changes in Sea Level 


Changes in sea level as recorded by tide gauges over the past century 
might be examined for evidence of the postulated rise in the polar regions 
and fall in the equatorial, but the undertaking is soon found to be with- 
out value. Gutenberg (1941) and Kuenen (1950) conclude,that sea level 
has risen around the world in amounts ranging from 10 to 20 centimeters 
in the past century. Study of Gutenberg’s figures and the map of Munk 
and Revelle (1952) reveal no special trend in relation to latitude. Re- 
versals are common at single stations, local crustal movements are 
recorded at others, and long-term barometric changes are known to 
have affected the sea level. More significant still is the response of sea 
level to ice-cap buildup and melting, a rate and amount that would 
entirely mask any small change produced by slowing of the earth’s 
rotating during the Pleistocene. 


Conclusions 


There has been a fall in sea level in the low latitudes and a rise in the 
high latitudes since the Cretaceous. The amount of fall in the equatorial 
regions is about 600 feet, and the amount of rise in the polar regions is 
probably greater than 600 feet. These data may help determine the rate 
of slowing of rotational velocity of the earth, and also yield something 
about the strength of the earth. The gradual change in land and sea 
areas may have brought on the ice age. 
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PERSPECTIVES 


PRESENTATION OF DR. HUGH STOTT TAYLOR 
AS THE WINNER OF THE 
1964 WILLIAM PROCTER PRIZE 


The Associate Editors have taken it upon themselves to include 
President Harvey A. Neville’s introductory remarks when he presented 
the William Procter Award to the Editor-in-Chief on October 6, 1964. 


It is indeed a privilege and a pleasure to present Hugh Stott Taylor for the William 
Procter Prize, awarded for scientific achievement by the Scientific Research Society 
of America, the non-academic research affiliate of the Society of the Sigma Xi. 

It is always pleasant to participate in giving away, especially to a most deserving 
recipient, that which has been provided by others at no personal cost. This gives one a 
feeling of benevolence and power, like that exercised by a director of a charitable 
foundation or an agency of the Federal Government. 

For the present recipient, Dr. Taylor, I have enjoyed this pleasure on several 
occasions which, for my own satisfaction and with your indulgence, I shall recount: 

I presented him to receive the Franklin Medal, the highest award of the Franklin 
Institute of Philadelphia, in 1957. 

In June of 1961 I presented him with an honorary doctoral degree from Lehigh 
University, to add to the many he already had, when he was our commencement 
speaker. 

Upon his retirement as Dean of the Graduate School of Princeton University in 
1958, I presented him with his portrait on behalf of the Association of Princeton 
Graduate Alumni—an autonomous organization not to be confused with the general 
Alumni Association of Princeton University. I should add that immediately after 
giving this portrait to Sir Hugh, I retrieved it by previous agreement and presented 
it to President Goheen for Princeton University, where it now hangs in Procter Hall 
at the Graduate College. 

A year or two after leaving Princeton for my first position on the chemistry staff 
of the University of Illinois, where I was secretary of the local section of the Amer- 
ican Chemical Society, I arranged a speaking tour for my former professor, Dr. 
Taylor, at several midwestern sections of the Society. When he arrived at Illinois, 
I proudly showed him the manuscripts of two research papers which I had ready to 
send to the editor of the Journal of Physical Chemistry. He patiently read these 
papers, and his only comment was: “Harvey, you have two split infinitives in these 
papers.” If I had split an atom, he would, no doubt, have commended that early 
discovery of fission. Of course, I found and repaired the infinitives and have never 
committed this error since—except when I undertake to intentionally and em- 
phatically split one. At the time, I was naturally somewhat crestfallen by my men- 
tor’s strictly negative criticism of my research effort, but in retrospect I think per- 
haps his comment was high praise, coming from a then rather reserved English- 
man; for if he had found reason to disapprove the scientific content of these papers, 
he would certainly have said so. I’m sure you will all be relieved to learn that the 
articles were published as amended. 

These opportunities I have had to participate in a few of the many occasions when 
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Hugh Taylor has been accorded recognition and high honors, in no substantial de- 
gree meet my obligation and indebtedness to him. Upon his return to Princeton in 
1919, after serving the British Government in scientific work during the First World 
War, I came under his influence as a teacher and the director of my graduate re- 
search. The phrase “under his influence’ suggests a degree of intoxication, and I 
think this accurately describes the state of those of us who have had the privilege 
of extended association with him. I consider myself one of his early experiments in 
catalysis, and his activating effect has been felt over all these years. 

Hugh Stott Taylor was born in St. Helens, England, and educated at Liverpool 
University, receiving there the D.Sc. degree in physical chemistry in 1914. His 
graduate study also included a year at the Nobel Institute, Stoekholm, Sweden, as 
Exhibition Fellow, and a year at the Technische Hochschule, in Hanover, Germany. 

He came to this country in 1914 to join the faculty of Princeton where he was 
advanced to the rank of Professor of Chemistry in 1922, served as Chairman of the 
Department of Chemistry from 1926 to 1951, and as Dean of the Graduate School 
from 1945 to 1958. He was made Dean Emeritus in 1958 and none remarked that 
this was an honor which he should have received earlier. 

Dean Taylor is a member or fellow of numerous scientific and honorary societies 
in this and other countries. He was President of the Society of the Sigma Xi in 
1951-52 and is presently Editor-in-Chief of its journal, AMERICAN Scientist. He 
was President of the Faraday Society in 1952-53 and President of Pax Romana from 
1952 to 1955. He is currently President of the Woodrow Wilson National Fellow- 
ship Foundation. 

In recognition of his scientific accomplishments, and as evidence of his truly 
international reputation, Dr. Taylor has been awarded honorary degrees by many 
colleges and universities throughout the United States and various other countries. 
He was presented with the Nichols Medal of the American Chemical Society in 
1928, the Mendel Medal by Villanova College in 1933, the Research Plaque by the 
Research Corporation of New York in 1939, the Franklin Medal of the American 
Philosophical Society in 1941, the Longstaff Medal of the Chemical Society of London 
in 1942. In 1958, Queen Elizabeth IT of England made him Knight Commander of 
the Order of the British Empire and, at Vatican City, Pope Pius XII made him Knight 
Commander of the Order of St. Gregory the Great. 

The research activities of Dr. Taylor have been in the field of physical chemistry, 
especially in basic studies of the kinetics, mechanism and catalysis of chemical re- 
actions at solid surfaces. This work began during World War I with Sir Eric Rideal 
and resulted in a book, “Catalysis in Theory and Practice,” under their joint author- 
ship, published in 1919. This was the first significant book on the subject of catalysis. 
In current books on catalysis the theoretical part is much expanded, largely as the 
result of studies made by Dr. Taylor and his co-workers. In the first phase of these 
studies, the Langmuir concept of adsorption was tested and used to explain the 
rates of catalyzed reactions in heterogeneous systems. Chemisorption was distin- 
guished from physical adsorption. by the magnitudes of the heats of adsorption de- 
termined for numerous solid catalysts of varying degrees of activity. 

In the second phase of these studies, Dr. Taylor developed and presented, first 
to the Royal Society, the concept of the heterogeneity of catalyst surfaces. This was a 
most significant advance in the theory of contact catalysis. Through this means Dr. 
Taylor was able to interpret the relative efficiency of catalysts, the effects of poisons 
and promoters, and the activation energetics of catalyzed reactons. In the third 
phase of his work, Dr. Taylor utilized the newer methods of surface area measure- 
ments to further the development of catalytic theory, and employed the deuterium 
isotope to trace more precisely reactions occurring at the surface of solid catalysts. 

The scientific papers of Dr. Taylor, published in various European and Amercan 
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journals, number more than two hundred and fifty. He is also the author, part- 
author, or editor of thirteen books, principally in the field of physical chemistry. 

Undoubtedly a major accomplishment of Dr. Taylor has been in his capacity as an 
educator, in his stimulating guidance and encouragement of many students and co- 
workers who, in turn, have made and continue to make significant contributions to 
science. Because of his own scientific investigations and his influence upon other 
scientists of this generation, he ranks as one of the most distinguished chemists of 
the world in our time. 

Mr. Chairman, in recognition of his many notable contributions to the science 
of physical chemistry; his long and distinguished service to higher education; and his 
eminent achievements as author, editor and teacher, I have the honor of presenting 
to you to receive the William Procter Prize, Hugh Stott Taylor of Princeton, New 
Jersey. 

I do not know what our “Lend-Lease” arrangements with England have been, 
but the services of Sir Hugh Taylor to science and education in the United States 
have more than repaid us for any aid we have given to the mother country. 


ACADEMIA AND INDUSTRY—THEIR 
MUTUAL INFLUENCE 


By HUGH TAYLOR 


“Let men look ahead to a time when scientific efforts will be combined and 
then artfully distributed, one man taking charge of one thing and another 
of another, working together in their labors and industries. In that day, 
said Bacon, scientists will begin to show their strength.” 


—CATHERINE DRINKER BOWEN 
“Francis Bacon—The Temper of a Man’’* 


HE ESTABLISHMENT of the Scientific Research Society of America 
To sixteen years ago and its generous encouragement and endow- 
ment by Mr. ‘William Procter is significant of the changes that have been 
occurring during the present century in the relations between science 
originating in academic institutions and the researches, in ever-increas- 
ing volume, from industrial centers. Two decades ago, the Society of the 
Sigma Xi, while rapidly expanding its activities in Chapters and Clubs, 
was forced to recognize that there were “Companions in Zealous Re- 
search,” of merit and distinction, who had never had the opportunity 
of election to Sigma Xi but who, from the nature of their present occupa- 
tions and the character of their scientific discoveries, were well qualified 
to share in the encouragement of scientific research, the principal 
objective of the Sigma Xi Society. In the colleges and universities of 
the country, the parent Society had attained a prestige, paralleling that 
of the older Phi Beta Kappa Society, but limited to professors and stu- 
dents in the scientific fields. In order not to alter the academic background 
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of the Sigma Xi organization it was decided, rightly I believe, to estab- 
lish a sister society with similar objectives but operating in the m- 
dustrial and government research centers of the land. At the last Annual 
Convention, in December 1963, it was reported that RESA now has 
eighty-five branches installed or authorized, a membership of about 
11,000, and an endowment with a market value of some $200,000. For 
a young lady in her teens, RESA, may we call her a daughter society of 
Sigma Xi, with such a splendid dowry, gives a very attractive and im- 
pressive promise of adulthood. ° 

Tonight, we wish to gain some perspectives on and insight into the 
mutual relations between academia and industry, private and govern- 
mental, as they have developed since the industrial revolution initiated 
the rate of change in scientific development. That revolution has become, 
in these latter decades, a scientific revolution, of chain characteristics, 
resulting in an explosive expansion of technology, an intrusion into the 
lives of everyone, and a scope extending to the outermost regions of space 
~ and time. Alexander sighed for new worlds to conquer. Science and 
technology have not only explored the moon, but have received and 
understood messages about events that occurred before man was. 


Catalysis 


It is convenient to use as a launching pad for an excursion into the 
roles of academia and industry the subject of catalysis and catalytic 
reactions. It was the researches in the first decades of the nineteenth 
century, largely in university or institutional centers, which uncovered 
the activity of finely divided platinum in a variety of oxidation processes. 
Edmund Davy, Dobereiner, Sir Humphry Davy, Erman, Turner, Henry, 
and Faraday are all associated with this activity. Dulong and Thenard 
in France showed that gold, silver, and even glass shared the same 
property if the temperature of these agencies was sufficiently raised. 
Faraday’s researches provided insights into the mechanism of catalytic 
change and into the causes of “poisoning,” contributions that remained 
unmatched well mto the 20th century. Berzelius, in 1835, coordinated a 
number of isolated observations and outlined his ideas as to a “‘catalytic 
force” which Liebig regarded as superfluous, substituting an hypothesis 
of “molecular vibrations,” unassailable because it could not be sub- 
mitted to experimental test. 

A Bristol vinegar merchant, Philips, in 1831, was the first to attempt 
to use platinum industrially for the oxidation of sulfur dioxide. His 
material rapidly poisoned and the process was abandoned. Squire and 
Messel, in 1875, made the process a technical success using platinum 
catalysts to convert sulfur dioxide from pure sulfuric acid into “oleum,” 
sulfuric acid contaming dissolved sulfur trioxide. The industrial produc- 
tion of “oleum” by the contact sulfuric acid process was the achieve- 
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ment of German industrialists at the end of the nineteenth century, 
who solved the problem of removing poisons from the sulfur dioxide 
obtained from pyrites, and thus paved the way for the massive develop- 
ment of the dyestuff industry, with synthetic indigo as the initial in- 
dustrial target. . 

The honors in the field of hydrogenation and dehydrogenation go to 
Sabatier and his co-workers in the University Laboratories of Toulouse. 
Nitrogen fixation to yield ammonia stemmed from the classical researches 
of Haber in Karlsruhe and Berlin. The Badische Anilin u. Soda Fabrik 
had transformed the thermodynamic and equilibrium studies of Haber 
on a variety of catalysts to a technical process, ready in May 1914, an 
achievement which freed Germany from dependence on Chile salt- 
petre and led ultimately to the penetration of synthetic ammonia into 
the explostve and fertilizer industries of the whole world. In 1925, the 
same German technical organization adapted the discoveries of Sabatier 
to the production of synthetic methanol on oxide catalysts, the hydro- 
genation-dehydrogenation characteristics of which Sabatier had given 
ample proof. His studies of metal hydrogenation catalysts, such as 
nickel, led directly to the industrial development of fat-hardening. 

Major basic scientific contributions to the study of reactions at 
surfaces came from the work of Langmuir in the laboratories of the 
General Electric Company at Schenectady, work which provided re- 
search activities far and wide in university centers such as Cambridge, 
Bristol, and Princeton in the 1920’s. During the same period, the Fixed 
Nitrogen Research Laboratory in the U.S. Department of Agriculture 
entered the field of basic research on the synthesis of ammonia. Doubly- 
promoted catalysts, slow sorption of nitrogen as a rate-determining 
step, and the definition of surface area by the B.E.T. method are among 
the outstanding contributions from government laboratories to this field. 

Reviewing the whole story, one has to conclude that academia pro- 
vided the initial impetus, the continued injection of new ideas and con- 
cepts. Industry contributed magnificently to technical development and 
government laboratories supplied much that neither industry nor the 
academics had found. 

Were we to extend this survey to the developments of the last thirty 
years, especially in the petrochemical field, in the production of poly- 
meric materials, rubbers, and plastics, the same pattern of interactions 
could be observed. 


Radio Astronomy 


Just over thirty years ago one of the newest sciences was born, as a 
direct result of communications research in the laboratories of the Bell 
Telephone Company. When Karl Jansky set up, in Holmdel, N.J. in the 
fall of 1980, a 14.6-meter rotatable antenna and its associated receiving 
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and recording equipment, he listened to static from local thunderstorms, 
static from thunderstorms some distance away and a third group ‘‘com- 
posed of a very steady hiss static the origin of which is not yet known.” 
In April 1933, at a meeting of the International Scientific Radio Union, 
Karl Jansky presented a paper on “Electric Disturbances Apparently 
of Extra-terrestrial Origin.” We recognize the scientific modesty behind 
the use of the word “Apparently” and we know that Jansky was re- 
celving his messages from a large elliptical area which is aligned with the 
general direction of the Milky Way. [1] 

We have been witnesses to the birth and development of a new science 
that originated in an industrial laboratory. Within one generation the 
new science had penetrated the universities and discovery followed 
discovery with bewildering speed. The reach of our senses has been 
enormously magnified. Radio stars were found beyond the limits of the 
astronomical instruments. Exploding stars, galaxies in collision, spiral 
arms in our local galaxy, signals from neighboring galaxies, and from the 
Sun, Jupiter, and Venus, powerful radio-emitters have been found. 
Around the world, parabolic reflectors are focusing signals not only from 
the outermost regions of space but also from the efforts of man in satel- 
lites around the earth and expeditions around and on to the Moon and 
other planets. Jodrell Bank monitored Ranger VII until the moon 
passed below the horizon just before impact. Higher resolutions and 
much greater information can be obtained by using a radio-cross. The 
Astronomy Center of the University of Sydney is now building a large 
cross-type radio-telescope at the Malonglo Radio Observatory some 
twenty miles from Canberra. The arms of the cross are approximately 
one mile in length and forty feet wide. At present the East-West arm 
has been completed. The North-South arm poses more difficult tech- 
nical problems and, hopefully, will be complete within ancsther year. 
Radiation has been detected over a small waveband at 21 cm, an emission 
line produced by the neutral hydrogen atom, concentrated within the 
spiral arms of our galaxy, and in other galaxies besides our own. ‘Studies 
in radio astronomy range in wave length from perhaps 1 cm to about 
30,000 cm. ..this is roughly 12 octaves. Previously the wave length 
range available to the astronomer extended from about 3000 to perhaps 
30,000 A, or roughly 4 octaves. Between the two lies a vast region of 
about 12 octavestj.’”? Southworth summarizes, in conclusion, the 
achievements of the radio astronomer in these words: 


“Following Reber’s very creditable start at mapping the radio heavens, the astrono- 
mer is now filling in a substantial amount of detail. With his new tools he is having 
quite as much of a field day as did Galileo more than three centuries ago when, with 
his newly invented telescope, he discovered in rather rapid succession, the moons of 
Jupiter, the rings of Saturn, and the dark spots of the sun’s disk as well as certain 
mountainous features of the moon.” æ 
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Nuclear Science 


The development of nuclear science has been confined almost ex- 
clusively to academia from its beginning in the last decade of the nine- 
teenth century to the time when Fermi and his group first demonstrated 
the existence of a nuclear chain reaction. | 

The discovery of X rays by Roentgen in 1895 was followed rapidly by 
Becquerel’s discovery of radioactivity and by the demonstrations of the 
existence of the electron in the last five years of the nmeteenth century. 
In these same years, the Curies were revealing the presence of radium 
and of polonium in separations from pitchblende. Rutherford showed the 
complex nature of the radiations, the first two components, the alpha- and 
beta-rays having different penetrating powers. Pierre Curle found a radi- 
ation which was not deflected in magnetic fields and it became the 
gamma-radiation. By 1908, Rutherford and Royds had proved that the 
alpha-particles were helium nuclei, which became the probes for the study 
of atomic structure. Alpha-particle scattering led Rutherford in 1911 to 
suggest the modern picture of the nuclear atom. Soddy, Russell and 
Fajans were studying the radioactive elements and their transformations 
from which resulted, in 1913, the concept of isotopes. In the same year, J. 
J. Thomson demonstrated the existence of such isotopes in non-radioac- 
tive elements, a domain which Aston richly explored from 1919 onwards. 
That was the year, also, in which Rutherford, bombarding nitrogen with 
alpha-particles, changed nitrogen nuclei into oxygen nuclei. 

Researches by Bothe and Becker in Germany, and by the Joliots in 
Paris were the preliminaries to the proposal by Chadwick in 1932 of a 
new radiation consisting of uncharged particles with the approximate 
mass of the proton. The existence of neutrons was experimentally 
established and became the newest tool in the production of new isotopic 
and radioactive species because of its ability to penetrate the charged 
nuclei of atoms. The development of particle accelerators by Van de 
Graaff, Cockcroft and Walton, and by Lawrence placed other tools at 
the disposal of the scientist for the exploration of the nucleus and its 
transformations. Einstein’s statement of the generalized equivalence 
of mass and energy provided the quantitative bases for the energies 
required for or produced by nuclear transformations. It was, however, 
the interaction between neutrons and uranium nuclei, initiated by Fermi 
in 1984, which culminated in the observations of Hahn and Strassman, 
in 1939, that the products of interaction were nuclei approximately 
one half of the mass of the original nucleus, one of the products being 
barium. Meitner and Frisch, in Copenhagen, realized the significance of 
the observations and were aware of the immense energy that could be 
released in the fission. This energy release was confirmed immediately 
in many laboratories throughout the scientific world. It led to the demon- 

estration of the nuclear chain reaction by Fermi and his group on Decem- 
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ber 2, 1942, “in secret, in a war laboratory, heavily financed by the 
United States” as H. D. Smyth observed [2]. Nuclear science passed 
out of the hands of the academicians; industry and governments took 
over. To continue, in the words of Smyth: 

“In many respects the discovery of uranium fission marks the end of an era in scien- 
tific research. It was truly international, it was made by small groups working on a 
small scale, for the most part in university laboratories, and it was made in the 


atmosphere of freedom and frankness that had meant so much to science. It remains 
to be seen how fully we can return to such conditions.” 


Waves and Particles: In 1918, Niels Bohr published his work on the 
hydrogen atom, with the electron in stationary states revolving around 
the positive nucleus, the proton, absorption and radiation involving 
quanta, hy = E, — E, v being the frequency, h was Planck’s constant, 
and the energies in the two states being E and Æ. The experiments of 
Franck and Hertz verified the prediction of discrete energy levels in 
processes involving collisions of electrons with atoms but attempts to 
extend Bohr’s ideas to more complex nuclei than hydrogen presented 
increasing difficulties met empirically with more and more quantum 
numbers until, finally, they gave way to the new quantum mechanics of 
Schroedinger and Heisenberg in 1925-26. By 1930, the application of the 
new principles to the electronic structure of atoms and their chemical 
behavior was well advanced. 

It was Louis de Broglie, in 1924, who paved the way for the new wave 
and quantum mechanics. He reversed the customary mode of thought 
concerning the atomistic discrete structure hitherto characteristic of 
matter. As with radiation, with wave properties and quanta, de Broglie 
proposed that material particles could also possess the wave nature of 
light. This development is pertinent to our present theme, since con- 
firmation of the wave nature of electrons was obtained in 1927 by Davis- 
son and Germer in an industrial research laboratory with a study of the 
reflection of electrons from a single crystal of nickel. G. P. Thomson, 
in the same year, provided the additional evidence required, by demon- 
strating that a stream of accelerated electrons, passing through thin films 
of metal produced characteristic diffraction patterns, the radius of the 
diffraction ring being proportional to the wave length à of the electrons 
diffracted, a wave length given by the de Broglie relationship, 


= h/mv 
with a particle of mass m and velocity v, h being again Planck’s constant. 
Thomson has recently generously pointed out that the earlier work of 
Davisson in industry led him to his experiments in academia. 
Tools and Techniques in Scientific Research 


It would be impossible in the course of one address to survey the 
respective contributions of university, government, and industrial > 
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research in all branches of scientific effort. As an alternative, one can 
summarize the tools and techniques that are employed in modern science 
and show how great is the mutual influence of academic and industrial 
science in these areas. 

A typical story in such development is to be found in the area of 
photosynthesis. Fifty years ago, an examination question on this topic 
could be adequately answered by a basic overall equation: 


hv 
° CO: + H20 — O: + (CH20)n. 


The examinee would receive high marks if he put hy over the arrow con- 
necting reactants and products. How research in the intervening years 
has progressed to the point that Calvin could receive the Nobel Prize 
in Chemistry 1n 1961 for his researches in this field can be well illustrated 
by an excerpt from a recent book by Calvin and Bassham on this sub- 
ject. Figure 3 in their book reproduces the results of a radioautograph 
of a two-dimensional paper chromatogram of an alcoholic extract of 
the alga, Chlorella pyrenoidosa, after 10 seconds of photosynthesis with 
radioactive carbon dioxide C™“O,. Identified in the chromatogram are 
alanine, malic acid, aspartic acid, phosphoenolpyruvic acid, triase 
phosphates, 3-phosphoglyceric acid, sugar phosphates, and sugar di- 
phosphates. The experiment involved the development of chromatog- 
raphy, the use of radioactive isotopes as a tracer tool and autoradi- 
ography to determine the extent and mode of entry of radioactive carbon 
into the photosynthetic cycle. As long ago emphasized by Newton, the 
new scientist surveys farther horizons from the shoulders of those who 
have preceded him. 

A random selection of advances over the years can be cited in illustra- 
tion of taols and techniques stemming from major discoveries in science 
for which industry provided superb equipment for use in future research. 
We can think of Svedberg’s centrifuges and their development for molec- 
ular weight determinations of large molecules; of Irving Langmuir’s 
utilization of the mercury vapor pump to produce high vacua; of Urey’s 
discovery of deuterium and his no less important formulation of isotope 
separation involving zeropoint energy differences, which gave us heavy 
nitrogen N; of Tiselius’ electrophoresis apparatus; of Martin and 
Synge demonstrating the principles of chromatography with their 
instrumental developments, with columns, paper, and thin film chro- 
matographs; of Bridgman’s high pressure techniques that combined with 
temperatures reaching to 9000°F. for brief intervals, or to 5000°F. for 
hours, resulted in the production of industrial Man-Made diamonds by 
the General Electric Company. Progress in solid state physics and semi- 
conductors came largely from the industrial laboratories, and the findings 
of Shockley, Brattain, and Bardeen in the laboratories of the Bell Tele- 
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phone Company gave the world the transistor and its manifold applica- 
tions in all areas of science and life, Libby’s technique of carbon dating 
gave a new tool to archeological and allied geochronometrical studies. 
Cockeroft, Walton, and E. O. Lawrence did the pioneering work which 
has led to the development of the multibillion electron volt machines now 
in use in the exploration of the nucleus. Powell’s observation of high 
energy particle tracks in emulsions and Glaser’s bubble-counters are 
essential complements to such work in the nuclear field. The Mossbauer 
effect now takes its place among those yielding instruments for the eluci- 
dation of chemical structures, notably in the newly investigated noble 
gas compounds. Nor must one overlook the more mundane spectroscopic 
instruments which in the infrared, visible and ultraviolet provide in- 
valuable facilities for the elucidation of complex organic structures. In- 
strument makers have contributed overwhelmingly to the rapid advances 
of modern science both in the universities and industry. 

I forbear, for reasons of colossal ignorance, to say anything about the 
computer revolution now twenty years old. In the Bell Laboratories 
Computing Centers, for example, the demands for computing services 
have grown exponentially since about 1950, doubling in about 13 to 16 
months. While leadership in computer science and technology has now 
reverted to the industrial laboratory there are memorable names from 
academia associated with the development. One thinks initially of the 
English logician R. Turmg in 1927, of Vannevar Bush and his differential 
analyzer, of Howard Aiken at Harvard and his computing machines, of 
John von Neumann, his interest in ENIAC in Philadelphia and JONIAC 
at the Institute for Advanced Study and his posthumous book “The 
Computer and the Brain.” Industrial research “has now accomplished 
some of von Neumann’s most daring aspirations, such as the design of 
computers by computers, the virtually complete solution of the mecha- 
nization of algebra, ete.” 13). f 

Still more recent is the development of masers and lasers, now a bare 
ten years from conception, with academic origins through the studies of 
Townes, of Weber at the University of Maryland and in Russia [3]. The 
patent of Schawlow and Townes, granted to them at the Bell Labora- 
tories and embodying their concepts as published in the Physical Review 
in December 1958 opened up the whole domain of optical masers and 
lasers, the development and application of which in science and in in- 
dustry is now in full ery. 


A Personal Glance Backward 


In 1917, Captain E. K. Rideal had been withdrawn from behind the 
Somme trenches where daily he had dosed water supplies with chlorine 
for the troops in his area. In the Munitions Inventions Department in 
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London we were studying the catalytic conversion of water gas and 
steam to give a cheaper hydrogen supply. We used a flue-gas analyzer for 
carbon dioxide which metered the gas supply, absorbed the carbon di- 
oxide in alkah, and then by re-metering gave the CQO, content as a differ- 
ence. At the request of the Royal Air Force, we adapted this machine to 
the determination of oxygen in hydrogen by catalytically converting to 
water and measuring the volume change. Still later, we devised a con- 
tinuous recorder for carbon monoxide in hydrogen by preferential con- 
version of the monoxide to dioxide, absorption in lime water, and deter- 
mination of the change in electrical conductivity. Subsequently, in 1922, 
with Guy B. Taylor at the duPont Company, this method of gas analysis 
was generalized with a machine which dosed gas samples and absorbing 
liquid in suitable amounts. We began our report of this work with the 
statement that “Chemical industry has been singularly backward in 
encouraging the development of automatic devices for control of opera- 
tions.”’ 

In 1921, Dr. R. M. Burns initiated the Princeton program on adsorp- 
tion of gases by catalytic materials. To obtain his vacuum he used a 
Toepler vacuum pump, with a device of Professor G. A. Hulett substi- 
tuting a water pump for the laborious task of raising and lowering kilo- 
grams of mercury. Langmuir mercury vapor vacuum pumps do not ap- 
pear in the record of Princeton adsorption studies before 1927, when 
Kistiakowsky used them in his work on adsorption by methanol cata- 
lysts. 

Harvey Neville, at a bench adjacent to Burns, was studying the inter- 
action of steam and carbon as catalyzed by alkali carbonates. He, also, 
was indebted to Professor Hulett for his method of dosage with steam. 
This was generated by a heated wire immersed in water heated exter- 
nally with steam, the electrical input to the wire determining the steam 
produced. I am afraid that gas analyses were made by hand-operated Or- 
sat apparatus. 

Early efforts to discover the nature of the absorbed species on catalysts 
were made by Gauger using electron collisions with hydrogen adsorbed 
on nickel and by Wolfenden and Kistiakowsky measuring ionization 
potentials, the former with adsorbed hydrogen on nickel, the latter with 
nitrogen adsorbed on iron. Kistiakowsky attributed an 11-volt ionization 
potential to adsorbed nitrogen and a 13-volt potential to adsorbed hy- 
drogen. He argued that the results indicated adsorbed atoms rather than 
molecules. 

In a further effort to ascertain the properties of adsorbed hydrogen, 
studies were conducted on atomic hydrogen produced at room tempera- 
tures by photosensitization with excited mercury. Here it may be em- 
phasized that it was necessary to build the sources of resonance radiation, 
one interesting form being built from two quartz to glass seals, the quartz 
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ends fused together and the glass ends becoming G-702 P glass cathode 
and anode compartments respectively. 

When the para-hydrogen conversion was invoked to indicate activated 
adsorption of hydrogen on various catalysts it was necessary for Sherman 
to build his own thermal conductivity cell. Still more so, when deuterium 
was used as an isotopic tracer in exchange reactions it was necessary to 
use ultraviolet spectroscopy as an analytical tool for deuteroammonias 
and deuterobenzenes and to adapt infrared spectra for analytical pur- 
poses for the measurement of deuteromethanes and alkanes. Soon, a 
mass spectrometer became indispensable and one was buflt from Nier’s 
blue prints. There were no infrared or mass spectrograph machines to 
purchase at that time. It was well into the post-World War II period, 
when the most active mass spectrographic work in Princeton was over, 
that the first Consolidated Mass Spectrograph was purchased for Frick 
Chemical Laboratory. 

It is interesting to note how many and varied techniques have been 
employed since those early days for the exploration of adsorption by 
catalytic materials. One thinks of Selwood’s various essays in the field of 
magnetochemistry, and of proton relaxation and catalyst accessibility; 
of Turkevich’s studies in electron microscopy and small angle X-ray scat- 
tering; of Eischen’s studies of infrared spectra of adsorbed species with, 
now, an extended bibliography from centers throughout the scientific 
world; of Beeck’s techniques of thin films of catalyst metals which, since 
his death, have yielded a rich harvest to Kemball, Tompkins and others; 
of radioactive tracers, principally of tritium and carbon-14 which have 
helped to delineate the catalyst surface; of gas chromatography which 
permitted Emmett to perform, in minutes, reactant gas analyses which, 
in the 1920’s, would have occupied days, or permitted Beebe and others 
to explore by alternative techniques the basic problem of adsorption 
equilibrium; nuclear magnetic resonance and electron spin and paramag- 
netic resonance have been brought into play; semiconductivity and 
catalysis by compounds and d-band holes in metals and alloys have led to 
electronic interpretation of catalysis. All this magnificent development 
In just one area of scientific research has been made possible largely by 
the contributions of industrially developed instrumentation in the post- 
war period and has enormously accelerated the pace of progress. This is 
probably the most significant impact of industry on academia in scientific 
research. 

I end on a personal note. In 1925, by a deductive leap in the dark, I 
suggested that catalyst surfaces could not be homogeneous, that from the 
heterogeneity might stem some of the most characteristic properties of 
catalytic materials. Active centers became the focus of argument “about 
it and about.” There were no tools then to force a decision, But, in the 
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intervening years, as Ehrlich of the General Electric Research Labora- 
tory [4] pomted out a year ago: 

“The outstanding feature of the past decade has been the development and perfec- 
tion of a variety of experimental techniques that allow a new and deeper insight into 
the structure of surfaces, and into the elementary atomic events occurring on them... 
What is important is that experiments properly executed and interpreted, can now 
remove from the realm of speculation most of the elementary facts dealing with inter- 
play of gases and an initially clean surface. This tremendous advance has, in large 
measure, been made possible by the reduction of ultrahigh vacuum techniques to a 
matter of complete routine.” 


Muller’s field fon microscope resolves the details of the atomic arrange- 
ment of the surface and Ehrlich has shown that direct observation of 
adatoms is indeed possible. 

W. O. Baker (3] has informed me, on this same topic, that low energy 
electron diffraction studies conducted by Germer and MacRae at the 
Bell Telephone Laboratories have explicitly confirmed the prediction of 
activated surfaces and that, in the same laboratory, Lander has shown 
differences in the spacings and thus in the valence bonding of silicon 
atoms on especially prepared cleaved surfaces of the element, employing 
also low energy electron diffraction. Industry thus makes academic 
dreams come true. 


The Future 


What does this peering into the past tell us about the future. Long 
ago I said that the mantle of the prophet lies uneasily on the scientist. 
I. I. Rabiin an article in the New Scientist (5; expressed it more pungently. 
“Tt is a characteristic of scientists in general that they have no flair for 
predicting the future. That is better done,” he wrote “by the H. G. 
Wellses and Aldous Huxleys.” 

We can, however, indicate trends in academic, industrial, and govern- 
mental relations which will surely emerge in the coming decades. We 
can be certain that the present exponential growth in science that has 
characterized the post-World War II years will continue until economic 
and other factors produce a developmental plateau. The relations be- 
tween academia and industry will become more intimate and interrelated. 
We can expect the lag between discovery and application which formerly 
was some twenty years, but which has shortened so dramatically in 
recent times, may well be further abbreviated. The explosive increase 
in the number of scientists makes certain that the tempo of application 
will remain high. , 

Tt has been in the universities that the “seed corn” of technological 
progress has often been raised during the past century. This makes it 
imperative that, in the universities, there exist a climate favorable to 
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the production of basic science from which technological applications 
inexorably result. That climate requires leisure time to think on the 
part of first-rank scientists, unhampered by undue calls on their services 
as consultants to industrial and governmental agencies, to the maximum 
degree possible. Such scientists must be free to roam where their sci- 
entific spirit moves them, again unhampered by calls for the solution 
of particular scientific and industrial problems. To that end, we might 
well consider a major extension of governmental, foundational and 
industrial financial support to key scientists in the universities across 
the land to pursue their own scientific objectives, without regard to 
particularized contractual obligations and requiring only the reports 
on their endeavors that emerge in their scientific publications. By way 
of example, one can note the annual Reports on Researches, published 
by Research Professors, Research Fellows, and Research Students, 
that appear annually in the Year Books of the Royal Society of London. 
Endowments approaching $5.5 millions permit expenditures by the 
Royal Society in excess of $200,000 per year for such purposes. In 
addition, the Society administers Parliamentary Grants for Research 
Professorships and scientific investigations, exceeding $350,000 in the 
year 1963-64. The researches so supported are characterized by their 
basic scientific interest and their freedom from anything other than 
personal choice. These choices range from molecular biology to X-ray 
spectroscopy and radio astronomy, from Mendelian populations to high 
energy physics and satellite launching, from cavitation to geochronom- 
etry. 

Industry on the eastern and western seaboards of this continent have 
already demonstrated the immense significance of the pursuit of basic 
science in their own industrial research laboratories, and its fruitfulness. 
Until a similar condition obtains in the areas between these rich sci- 
entific and technological concentrations, the potentialities of the country 
are not being fully realized. To attain progress in these central areas 
consideration might well be given to the establishment of research in- 
stitutes now in successful operation in the South, the South West, and 
in Stanford, to name just a few, where a central research institute, 
competently staffed by skilled personnel, can count on the support and 
cooperation. of interested industries. For the scientifically underdeveloped 
areas of the country some consideration might be given to plans for and 
probable future of such research institutes. A current example from 
Canada has been recently discussed by Dr. A. D. Misener, Director of 
the Ontario Research Foundation [6], a plan to strengthen Canada’s 
technology, to lessen Canada’s reliance on foreign technology, and to 
halt the “brain drain” which has resulted from the lack of research 
opportunities. Within a year, a versatile research community should 
be started on a 339-acre site near Toronto. The Foundation will occupy 
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100 acres of the plot. The remaining acreage is to be allocated to in- 
dustrial companies that wish to participate. The International Nickel 
Company of Canada, Consolidated Mining and Smelting Company. 
Dunlop International Research and British American Oil Company have 
agreed to join and purchase land. The Province of Ontario is giving 
both financial assistance to and encouragement of the project. Sheridan 
Park will constitute a challenging enterprise which might well be 
emulated in areas south of the Canadian border. , 

The gross national product in the United States has been rising by 25 
to 30 billion dollars annually in recent years, and will soon surpass, if 
it has not already passed, the 600 billion dollar mark. What fraction of 
this huge productive effort should be returned for the further support of 
science and technology, with which academia and industry may ensure 
the future progress of the country, isa question which should engage the 
serious consideration of all who are qualified to contribute to the answer. 
It will be an important answer for the welfare of the country. 
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| Kodlalk advertises: | Fe ota Be reat ES econding.... hel from 


the Bureau of Mines 


The time has come to quit kidding our- 
selves. Beautiful photography is a great art 
that has virtually nothing to do with the pur- 
poses for which physical scientists and engineers 
justify their heavy consumption of 16mm, 
35mm, 70mm, and larger widths of film during 
working hours. We had better see things their 
way. We now know they are seldom in a mood 
to treat film as an object of veneration, a sub- 
ject for mystic rites that can be short-cut only at 
grave peril to conscience. 

All they seem to want are the data—the 
quicker the better. 

The exact nature of these data is really none 
of our cotton-pickin’ business, except insofar as 
the users care to talk or honor us with reprints 
some fine day. The best we can contribute to 
their spark-chamber or bubble-chamber phys- 
ics, their radar recordings, their studies of bio- 
luminescence or of the stratigraphy of Antarc- 
tica, their improvement of sugar-beet pulping 
machinery or of ignition systems for vernier 
rockets, their logging of oil wells, their probing 
of the Saturnine atmosphere, their counting of 
taxis on the Golden Gate Bridge, and all the 
other vaguely imagined tasks they perform with 
film—-the best we can contribute is a fierce de- 
termination to make them demonstrably better 
film for their multifarious purposes than any- 
body else can make. 

To this end we are placing upon the market a 
new line of films. We don’t want them confused 


with films designed for beautiful movies either 
by us or by our competitors. You will get to 
know them by a trademark that hardly suggests 
softness and beauty. It happens to consist of the 
initials for ““Rapid Access Recording.” 

The five films which will first carry this mark 
are primarily designed for processing at tem- 
peratures up to 130°F. Four of the five are on 
Estar Base, tops for dimensional stability in 
film with strength and thinness. A sixth new 
one, Kopak 2475 Recording Film, likewise on 
Esrar Base, has extended red sensitivity to 
make it the fastest film you can buy, but it is 
not yet suitable for hot processing. 


Hardly less important than*the characteristics of the new 
films is ready information about said characteristics so that 
user and maker can sit down together and make the best 
choice for the work at hand. Get in touch with Eastman 
Kodak Company, Photorecording Methods Division, Roch- 
ester, N. Y. 14650, phone 716 ~ 562 - 6000, Ext. 3257. See 
what happens. The new trademark, by the way, is: 








The rise of silazanation 


We use 1,1,1,3,3,3-Hexamethyldisilazane (EAST- 
MAN 9151) ourselves in our research on oil-sol- 
uble vitamins and food monoglycerides. It 
makes them volatile. Almost any hydroxyl- 
containing organic molecule that is not a high 
polymer becomes airborne at its kiss.* Almost 
any such compound one tries seems to turn into 
an ideal subject for sharp-cutting gas-liquid 
chromatography when made a trimethylsilyl 
ether. It is like replacing the proton of each 
, hydroxyl with a bunch of balloons that protect it 

and lift it away from the grasp of hydrogen 
bonds. Maybe we would have missed the chance 
to base a business on high-vacuum distillation 
of heat-labile substances if silazanation had 
been discovered 30 years ago. 

Silazanation, if the truth were known, drifted 
into our ken in the late summer of °63. A chem- 
ical news story told that a team at a medical 
school in Pittsburgh was having great good luck 
purifying carbohydrates and related polyhy- 
droxy compounds by GLC with the trimethyl- 
sily] derivatives. Without further ado we turned 
to the bench and enjoyed the same good luck 
with it on our vitamins and monoglycerides. 
Others had spectacularly good luck in their 
fields. Papers are popping all over on GLC of 
silazanized fatty acids, steroids, plant sterols, 
bile acids, alkaloids, barbiturates. There has 
also been one (Amn. 659, 190) on silazanation 


* We kiss as follows: to 10 mg, of material, add 1.0 ml. of 
Pyridine (EASTMAN 214), 0.2 ml. of EASTMAN 9151 and 0.1 
ml. of Chlorotrimetiylsilane (EASTMAN P8710). Shake for 
30 sec. and let stand for 5 min, while NHCl precipitate 
settles. Take aliquot for GLC. To save for future reference, 
continue washing with alternate 5 mi. portions of water 
and Hexane (EASTMAN P1135) until pyridine odor is gone. 


for peptide synthesis. The best is yet to be, now 
that we announce the easy availability of East- 
MAN 9151. 

And to whom are we all indebted? In part, to 
the U. S. Congress for voting tax money to help 
the coal industry compete in liquid fuels. In 
carrying out this mandate of the people, the 
U. S. Bureau of Mines found trimethylsilyl 
derivatives useful in analysis, identification, and 
purification of phenols and pointed out the 
applicability of GLC to the problem. The whole 
bit, including catalysis of the reaction by a little 
chlorotrimethylsilane and explanation of why 
this works, comes from the Bureau. True, the 
Bureau was probably being influenced by or- 
ganosilicon research sponsored by a glass com- 
pany and two other big companies that happen 
to make silicones. A man from one of the latter 
had gone so far as to suggest that trialkylsilyl 
derivatives of alcohols and phenols are low- 
viscosity liquids easy to prepare, thermally 
stable, resistant to air oxidation, and easy to 
hydrolyze. 

There is also another use for EASTMAN 9151 
in GLC. It inactivates the support materials 
against adsorption of the gaseous solute in 
competition with the stationary-phase liquid. 
This was discovered in the non-political, non- 
commercial, prestige-covered halls of Cam- 
bridge University, alma mater to Isaac Newton. 
The boys were grinding up firebrick and taking 
their lead from the U. $. Bureau of Mines on the 
affinity of hexamethyldisilazane for the hydrox- 
yls in the stuff. ° 


To find out about all the EASTMAN Organic Chemicals 
and their prices, write Distillation Products Industries, 
ees ties N. Y. 14603 (Division of Eastman Kodak Com- 
pany). 
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Vitamins & Coenzymes by ARTHUR F. 
WAGNER & Kart FoLKEers; 5382 
pages; $17.50; John Wiley & Sons, 
Interscience, 1964. 


The authors of this up-to-date volume 
have succeeded in summarizing a wealth 
of knowledge. The topics covered are 
thiamine, riboflavine, nicotinic acid, 
pantothenic acid, pteroylmonoglutamic 
acid, biotin, pyridoxine, lipoic acid, 
choline, meso-inositol, p-aminobenzoic 
acid, essential fatty acids, and vitamins 
A, By, C, D, E, and K. Where appro- 
priate, the coenzyme derived from a par- 
ticular vitamin is thoroughly discussed 
in the same chapter as the vitamin. 

In general, each chapter discusses the 
isolation of a particular vitamin, the 
determination of its structure, its syn- 
thesis, its biosynthesis, its metabolic 
(or coenzyme) role, the mechanism of 
coenzyme action (where known), and 
its nutritional and therapeutic role. The 
book is easy reading and is profusely il- 
lustrated with structural formulae. Ex- 
tensive documentation with references 
to the original literature is provided. 
Excellent author and subject indexes 
are present as well as a glossary of the 
more obscure vitamin terms with which 
one must still struggle, especially when 
reading the earlier literature. 

Unfortunately, the high price of 
Vitamins and Coenzymes will make it 
unavailable to the average student; 
however, serious nutritionists, scientists 
working in the natural products field, 
and biochemists will find the book in- 
dispensable.—Jacques Dreyfuss 


Brain Mechanisms. Progress in Brain 
Research: Vol. 1; edited by G. 
Morvuzz1, ët al.; 493 pages; $25; 
American Elsevier Publishing Co., 
1964. 


= This book is a collection of research 
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reports and their discussion by 34 
leading brain-research scientists, pre- 
sented at a meeting of the International 
Brain Research Organization in Pisa, 
Italy, 1961. 

Because this book is a collection of 
individual research reports, it would not 
be very suitable as a textbook of brain 
physiology. On the other hand, the book 
has great value to the research worker 
in this field, because it presents some 
elegant research and discussions. In 
fact, the discussions of each report by 
the participants in the conference are 
among the most stimulating aspects of 
this volume. Together with the reports 
themselves, the comments provide a 
most exciting intellectual atmos- 
phere for researchers who seek new ideas. 

Many of the original research results 
reported are coupled with rather exten- 
sive reviews of the recent literature on 
the respective subjects (50 percent of 
the references in 5 randomly selected 
papers were dated from 1959 to 1963). 
Some of the general subjects discussed, - 
along with new findings, are: central in- 
hibitory functions, homeostasis of the 
reticular formation, integration at the 
thalamic level, evoked responses, and 
mechanisms of sleep. Although this vol- 
lume is not strictly comparable to the 
now classical neurophysiology volumes 
of the Handbook of Physiology (1960), 
it is a valuable supplement. Perhaps 
most significant of all is the publisher’s 
declared intention to publish several such 
volumes each year, which will present 
recent advances and stimulate further 
research, Such a continuous updating of 
progress in the field would be especially . 
valuable because brain research is pres- 
ently in its most creative period. In- 
deed, brain research is today one of the 
great frontiers in science, even though 
it is at least temporarily overshadowed 
by the exploration of space—W. R. 
Klemm , 
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SOME PROBLEMS FACING BELLCOMM 


e Decision process for handling in-flight 
contingencies during the Apollo mission. 


e Determination of allowable 
space vehicle position and velocity errors 
for each mission phase. 


e Aerodynamic heating during reentry 
from the lunar mission. 


e Landing of a spacecraft on the 
lunar surface. 


* Semianalytic prediction of 
near-optimum choice of trajectory planes 
in the lunar mission. 





Bellcomm is doing systems engineering 
on Project Apollo for Headquarters, 
Manned Space Flight, National Aeronautics 
and Space Administration. 

if Bellcomm's problems interest you, 
address your résumé to 

Mr. W. W. Braunwarth, Personnel Director, 
Bellcomm, Inc., Room 1204-B, 

1100 17th St., N. W., 

Washington, D. C. 20036. 


Belicomm is an equal opportunity employer. 


BELLCOMM, ING. 
A Bell Telephone System Company 
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Advances in Chemical Physics, Vol. V, 
edited by I. Pricoatne; 410 pages; 
$16.50; John Wiley & Sons, Inter- 
science, 1963. 


A review volume of this sort comes as 
a mild shock to someone with a solid- 
state physics type of background. The 
standard series in this field, such as 
Seitz and Turnbull’s “Solid State Phys- 
ics” or Gibson’s “Progress in Semicon- 
ductors?” demand of the reader some 
knowledge of the Schroedinger equation 
and its approximate solutions in a rea- 
sonable number of different kinds of 
Brillouin Zones by way of background. 
The book considered here assumes a 
much higher level of preparation and 
gives the feeling of having been written 
by one group of specialists for the bene- 
fit of another. For example, three of the 
eight articles require a good grounding 
in group theory, a subject which is not 
in the repertoire of a great many physi- 
cal chemists or experimental physicists. 
Two others assume a background in 
statistical mechanics at the level of the 
papers currently appearing in the “theo- 
retical” section of the Physical Review. 

The only article which the general 
reader has a fighting chance to cope with 
is the fascinating discussion entitled 
“Convex Molecules in Gaseous and 
Crystalline States” by Taro Kiharo of 
the University of Tokyo. His purpose is 
to establish a quantitative definition of 
the concept of convexity and then show 
how this information enables one to pre- 
dict the geometrical properties of a 
light spherical gas using data from dif- 
fusion experiments. The effective cross- 
section for collision can be expressed in 
terms of three fundamental measures, 
using the three Steiner relations of dif- 
ferential geometry. These measures for 
a sphere, for example, are the volume, 
the surface area, and the quantity 47a, 
where a is the radius. These fundamental 
measures when combined with diffusion 
data taken at 0°C. enable one to make a 
remarkably good estimate of the size 
and shape of heavy molecules. For ex- 
ample, COs is found to have a rod-like 
shape about 4 x 8 A and benzene is a 
hexagon about 6 A across. These ideas 
are,also applied to a discussion of the 
cohesive energies of molecular crystals. 
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The remarks made above are not 
meant to be criticisms of the material 
in this book, since the reputation of the 
editor should be sufficient guarantee of 
the quality of the individual pieces. 
They are merely meant to serve as a 
guide to the reader.—Allen Nussbaum 


African Ecology & Human Evolution, 
edited by F. Crark Howrnn & 
Francois Bourtiere; 666 pages; 
$12.50; Aldine Publishing Co., 1963. 

Classification & Human Evolution, ed- 
ited by SuHerwoop L. WASHBURN; 
371 pages; $7.50; Aldine Publishing 
Co., 1968. 


Exactly one century before the pub- 
lication of these volumes Thomas H. 
Huxley pleaded the evolutionists’ case 
for man’s descent. The contrasts be- 
tween Huxley’s slim Man’s Place in 
Nature and the books considered here 
are sufficient to provide me with an ex- 
cuse for a personal centennial celebra- 
tion. In 1863, primate behavior was 
known from highly imaginative travel- 
ers’ accounts and the fossil evidence for 
human evolution would have filled no 
more than a few hat boxes. A hundred 
years later, twenty primate species had 
been reliably studied in their natural 
habitat and parts of close to one thou- 
sand hominids had been unearthed. A 
celebration is surely in order: the past 
century has produced the evidence that 
Huxley did not have. 

The crucial evidence, however, has 
raised interpretive and classificatory 
problems. These problems are the sub- 
ject matter of the seventeen contribu- 
tions to Classification and Human Evolu- 
tion. In the area of interpretation, two 
emphases, evident throughout the book, 
underscore and extend important trends 
in the study of human evolution. First, 
there is an emphasis on thinking of fos- 
sils as samples of populations. Second, 
stress is placed on the study of relevant 
morphological complexes evolving at 
different rates. Both of these trends 
have come late in the study of man 
where every scrap of bone takes on pe- 
culiar importance. In the area of classi- 
fication, one apparent consensus leaps 
out against a background of differences 
that are mild by comparison. Two 


genera and only two genera of fossil 
hominids are recognized—Australopith- 
ecus and Homo. The latter includes 
under a single generic roof all of those 
finds known popularly as Heidelberg 
Man (actually a lower jaw), Swans- 
combe Man (parts of a skull and more 
probably a lady), Java Man (really the 
bones of a number of hominids), the 
Neanderthal population, and a host of 
others. It is clear in this volume that 
classification is no longer confined to 
gross comparison; studies. of chromo- 
somes and hemoglobins take their place 
along with approaches that would have 
been familiar to T. H. Huxley. 


It was not Huxley, but Darwin who 
in 1871 (The Descent of Man) wrote 
‘‘,..1t is somewhat more probable that 
our early progenitors lived on the African 
continent than elsewhere. But it is use- 
less to speculate on this subject.” The 
proposed location of our “early pro- 
genitors” has changed from time to time 
since 1871 as evidence pointed first to one 
continent and then to another. Because 
recent finds now support Darwin’s pro- 
jection, anthropological eyes are re- 
focused on Africa. 

The work of twenty-three contribu- 
tors, African Ecology and Human Evolu- 
tion is largely a study of change in that 
vast continent during the Pleistocene. 
Specialties that range from ornithology 
to geomorphology are represented and 
every major region of Africa is given 
some coverage. The book is an exemplar 
of an approach that views the evolution 
of man within the framework of his 
total environment. This is the appro- 
priate framework, for, when one thinks 
of early man, one must imagine an 
animal that stood in so intimate a re- 
lationship with his environment that he 
cannot be understood apart from it. 

The result of ecological studies are 
useful in understanding man’s descent 
only if they are sufficiently local. In the 
past, the African Pleistocene has been 
reconstructed by analogy to high lati- 
tude phenomena. The concentration 
here on local conditions, with less re- 
course to analogy yields the kind of in- 
formation that anthropologists value. 
To cite one of many possible examples, 
the conclusion that the contrast between 


wet and dry seasons in east Africa was 
greater than the contrast between plu- 
vials and interpluvials helps one to 
understand persistence and change in 
the abundant fossil hominids from that 
region. 

In African Ecology and Human Evolu- 
tion I read that, in both southern and 
eastern Africa, “The scenery of today 
was the scenery of our earliest Pleisto- 
cene ancestors, and erosion during this 
time has merely put the finishing 
touches to our preseht landscape” 
(p. 330). It is thus unfortunate that 
little attention is devoted to the ecology 
of contemporary human hunters and 
gatherers in that region while much is 
made of the behavior of baboons and 
gorillas. Classification and Human Evo- 
lution is open to a similar critique. 
Above all, human evolution is a process 
in which genetics and tradition play 
complementary roles. Yet nowhere do I 
find a section on the classificatory po- 
tential of traditional human behavior 
congealed in the matter men shaped 
into tools. But again, there are a few 
chapters on non-human primate be- 
havior. Future volumes in this field 
would benefit by more liberally heeding 
the human facets of human evolution.— 
Robert Ascher 


Selected Problems in Physics with An- 
swers by M. P. SHASKOL’SKAYA & 
I. A. Er’rsın; 246 pages; $3.75 paper; 
The Macmillan Co., Pergamon, 1963. 


A formal description of this book 
would include the information that it 
consists of an English translation from 
the Russian of three hundred and seven- 
teen problems and their answers, ar- 
ranged under eleven subject headings 
(Kinematics; Statics; Electricity and 
so on) at the level, the authors write in 
their foreword, “not ... confined 
within the limits of the secondary- 
school syllabus.” In American, the prob- 
lems are appropriate for freshman 
physics students taking a course that 
omits the use of caléulus, and would be 
useful also to students whose course 
includes calculus, as well as to bright 
high school students. = 

Thus far, the book’s description 
would almost fit “Worked Examples in 
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IMPORTANT NEW PUBLICATIONS 
(dP) Academic Press 


THE ORIGINS OF PREBIOLOGICAL 


SYSTEMS AND OF THEIR MOLECULAR 
MATRICES 








edited by Sidney W. Fox 


© contains theoretical treatments, reviews of ex- 
perimental studies df models of prebiological 
systems, and reports of new results in models 
of biochemical origins 


(F810) November 1964, about 475 pp. 






BIOCHEMISTRY AND PHYSIOLOGY 
OF PROTOZOA 


edited by S. H. Hutner 


> includes the sensory, molecular, and macro- 
molecular basis of locomotion, the uses of flag- 
ellates and ciliates in biochemical and genetical 
research, and metabolic mechanisms in anti- 
trypanosome and antimalaria chemotherapy 


(H964) Volume 3, Fall 1964, about 575 pp. 


| ARACHNIDA | 


by Theodore Savory 


® contains sections on: Prolegomena, De Arach- 
nidis, Proles Arachnes, Propinqui Arachnes, De 
Arachnologia, WHeterographia Arachnologica, 
Epilogomena 


(S068) November 1964, 291 pp., $9.50 


| **THE PROTEINS | 


COMPOSITION, STRUCTURE, AND FUNCTION 
edited by Hans Neurath 


SECOND EDITION 


Review of the First Edition: “This invaluable 
series ...will appeal to the expert and the begin- 
ner in proteins...it presents a unified, critical, 
authoritative, and up-to-date treatment of the 
whole subject. ..''--Science 


EEE Volume 2, 1964, 840 PD. $26.00 
N332) subscription price: $24.00* 


(N333) Volume 3, in preparation 





A SOURCEBOOK OF BASIC TECHNIQUES 


by M. X. Zarrow, J. M. Yochim, and J. L. 
McCarthy 


® covers the source, nature, physiology, assay 
and mechanism of action of a hormone or re- 
lated group of hormones, along with a section 
of experiments, procedures, and techniques re- 
lated to the gland in each chapter 


(Z020F 1964, 519 pp., $15.50 


“This invaluable series ... will 
appeal to the exper? and the 
beginner...” 

SCIENCE reviewing 


“The Proteins” ** 


PHYSICAL PROCESSES IN RADIATION 
BIOLOGY 


edited by Leroy G. Augenstein, Ronald Mason, 

and Barnett Rosenberg 

® emphasizes the nature of exciton processes, 
the mechanisms of charge transport in biologi- 
cal materials, the interactions of fast and slow 
electrons with model systems, the nature of the 
metastable species formed, etc. 


(A997) 1964, 377 pp., $14.00 


GEOBOTANY, BIOCHEMISTRY, TOXICITY, 

AND NUTRITION 

by Irene Rosenfeld and Orville A. Beath 

è publishes a thorough study of seleniferous geo- 


logical formations, soils,and plants as they re- 
late to livestock poisoning and public health 


(R686) 1964, 411 pp., $15.00 


FLUORESCENCE ASSAY IN 
BIOLOGY AND MEDICINE 


by Sidney Udenfriend 
ee Printing, 1964, with literature appendix 1962 through 


® familiarizes the reader with recent work, and 
clarifies the relationships between chemical 
structure and fluorescence through the liberal 
use of figures and chemical formulas 


(U100) 1962, 517 pp., $14.00 


| ADVANCES IN RADIATION BIOLOGY | 


edited by Leroy G. Augenstein, Ronald Mason, 

and Henry Quastler 

è follows advances in experimental techniques 
and methods pertinent to radiation research; 
summarizes developments relating structure 
and function of biomacromolecules 


(A829) Volume 1, 1964, 234 pp., $11.00 


INTERPRETATION OF 
METALLOGRAPHIC STRUCTURES 


by W. Rostoker and J. R. Dvorak 

è gives each micrograph an individual commen- 
tary in which the composition and thermal or 
thermal-mechanical history are related to the 
particular point which is intended for illustra- 
ion 

(R688) Fall 1964, about 225 pp., in preparation 


| ADVANCES IN CHEMOTHERAPY | 


edited by A. Goldin and F. Hawking 


® provides comprehensive, authoritative surveys 
of all fields of chemotherapy, including both 
theoretical and experimental aspects 


(A331) Volume 1, 1964, 579 pp., $17.50 
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REFRACTORY TRANSITION METAL 
COMPOUNDS 


HIGH TEMPERATURE CERMETS 

edited by G. V. Samsonov 

Translated by Scripia Technica, Inc. 

Translation edited by G., EB. Gurr and D. J. Parker 

è acquaints the technical reader with the state of 
the art in the analysis of properties of refrac- 
tory compounds, as well as with the principles 
of classification of such compounds and meth- 
ods for their systematic investigation 

(S056) 1964, 220 pp., $9.00 


THE RED BLOOD CELL 


edited by C. W. Bishop and D. M. Surgenor 
® includes: red cell shape and structure, electro- 
lyte equilibria and active transport, metabolic 
athways, red cell interactions with antibodies, 
isOagglutinins, oxygen and carbon dioxide trans- 


ort, and crybiolo 
(356) 1964, P66 Dp $17.00 


ADVANCES IN GERONTOLOGICAL 
RESEARCH 


edited by Bernard L. Strehler 

@ includes fundamental considerations of the 
genetic basis of aging; physical and chemical 
changes in structural elements such as colla- 
gen, biochemical changes in protein metab- 
olism during development and aging, etc. 

(A606) Volume 1, November 1964, about 400 pp. 


THE DIRECT OBSERVATION OF 
DISLOCATIONS 


by $. Amelinckx 

@ discusses crystal growth and evaporation, etch- 
ing, decoration, decoration-etching, birefrin- 
gence, x-ray diffraction, electron microscopy, 
and diffraction 

(S466) 1964, 487 pp., $17.00 


SCIENTIFIC UNCERTAINTY AND 
INFORMATION 


by Léon Brillouin 

@ describes the dramatic expansion undergone 
by physics and other experimental sciences in 
this century; shows how new discoveries have 
led to a profound transformation of scientific 


theories 
(B780) 1964, 164 pp., $6.50 


| FLUCTUATION PHENOMENA IN SOLIDS | 


edited by R. E. Burgess 
® surveys fields of contemporary interest in the 
theoretical and experimental aspects of the sub- 


ect 
(E368) Fall 1964, about 400 pp., in preparation 


| THE MANY-BODY PROBLEM | 


VOLUME 2 

edited by E. R. Caianello 

® contains the lectures delivered at the Fifth Inter- 
national Spring School of Physics at the Univer- 
sity of Naples, 1963; covers fundamental and 
applied aspects of the problem 

(C056) December 1964, about 300 pp., $10.50 
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APPLIED OPTICS AND OPTICAL 
ENGINEERING 


edited by R. Kingslake 


è considers the basic constructional elements 
and the principal ieee of radiation detectors 
(K419) Volume 1, Winter 1964, about 450 pp., in 

preparation 


| SILICATE SCIENCE | 


by Wilhelm Eitel 


© provides Hives ees in silicate science with 
information on the basic chemistry of silicates, 
and on their natural and industrial significance 
ip glass, aramic and construction material prac- 
ice 
VOLUME 1: SILICATE STRUCTURES 
E460) 1964, 666 pp., $24.00 
€461) subscription price $21.00* 


VOLUME 2: GLASSES, ENAMELS, SLAGS 
(Edt) November 1964, 704 pp., approx. $22.00 








E463) subscription price: approx. $19.00* 
VOLUMES 3-5 IN PREPARATION 





PERTURBATION METHODS IN FLUID 
MECHANICS 


by Milton Van Dyke 

è furnishes a systematic account of the method 
of matched asymptotic expansions applied to 
Viscous flows at high and Jow Reynolds number, 
thin airfoils, lifting wings, and transonic, super- 
sonic and hypersonic flows 

(V110) 1964, 229 pp., $7.00 


| FISH AS FOOD | 


edited by Georg Borgstrom 

Review: *'...will find a place on fish technologi- 
cal shelves throughout the world... ."-—-Nature 
VOLUME 1: PRODUCTION, BIOCHEMISTRY, 
AND MICROBIOLOGY 

(B500) 1961, 725 pp., $24.00 

VOLUME 2: NUTRITION, SANITATION, 

AND UTILIZATION 

(B502) 1962, 777 pp., $25.00 

VOLUME 3: HANDLING AND PROCESSING 
(B504) about 425 pp., in preperation 

Beer 4: HANDLING AND PROCESSING, 
(B506) about 425 pp., in preparation 


RECENT PROGRESS IN SURFACE 
SCIENCE 


edited by J. F. Danielli, K. G. A. Pankhurst, and 

A. C. Riddiford 

è reviews all areas of surface science of concern 
to biologists, chemists, physicists, and engi- 


neers 
(R292) Volume 2, 1964, 541 pp., $18.00 
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Physics” by Zubor and Shal’nov, pub- 
lished in 1962 by Pergamon, containing 
a few more problems and at a somewhat 
higher price. However, the book here 
being reviewed, unlike the earlier one 
and the reviewer’s own experiences in 
college physics, stresses less problems 
whose solutions consist of choosing a 
correct formula and substituting in it 
appropriate numerical values, but in- 
stead contains many questions to be 
answered by a few thoughtful sentences. 
Opening the book to an arbitrary page, 
I give as an example problem number 
75; ‘Will the work and power expended 
by the motor of a moving stairway 
change if a passenger standing on it as 
it moves upward, himself walks up the 
the staircase at a constant speed?” 

I have checked a number of the prob- 
lems and have located only one with a 
wrong answer. Problem number 186 
asks why, when one finishes stirring a 
cup of tea, the contents come to rest 
with the tea leaves piled up in the 
center of the cup. The correct answer is 
that, as friction with the cup walls and 
bottom slows down the rotation near 
these surfaces, centrifugal force at the 
bottom becomes less than that higher 
up in the liquid. A secondary rotation 
occurs in which liquid’rises at the center 
of the cup, moves radially outward at 
the top surface, downward along the 
cup sides, and radially inward at the 
bottom. This last carries the tea leaves 
toward the center. This answer was 
given by Einstein in an essay on “The 
Cause of the Formation of Meanders in 
the Courses of Rivers,” in “Essays in 
Science,” Philosophical Library, 1934. 
Considering that Einstein thought the 
problem obscure and interesting enough 
to discuss it, I cannot find it in me to 
condemn very strongly anyone else who 
fails to see the correct solution, particu- 
larly since it was the only error I could 
locate in the present book.—Herbert 
Malamud 


Recent Progress in Microcalorimetry by 
E. Carver & H. Prat; 177 pages; 
$8.50; The Macmillan Co., Pergamon 

œ Press, 1963. 


As progress in science continues, the 
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questions that beg solution demand con- 
comitant progress in technology. More 
detailed knowledge is sought regarding 
the functions of physical, chemical, and 
biological systems and the magnitudes 
of the physical quantities to be measured 
extend to ever more extreme values. 
Thus, instrumentation must become 
more sensitive, more precise, more 
stable over increasing periods of time, 
etc. The measurement of heat produced 
by physical, chemical, and biological sys- 
tems is important as it yields informa- 
tion regarding their structure and func- 
tion. 


The book under review deals with 
such an instrument, viz., the Tian- 
Calvet microcalorimeter, which is use- 
ful, for example, in following the heat 
output of a single seed as it germinates 
and starts to grow, and in the study of 
very slow chemical reactions such as 
occur in the hardening of cement. 
Parts I and II, by Calvet, deal, :re- 
spectively; with the theory and’ some 
design considerations of this instrument 
and ‘descriptions of some general phys- 
ico-chemical applications such as meas- 
urement of specific heats, thermal con- 
ductivity, heats of solution and chemical 
reaction, and studies of catalytic ac- 
tivity. While the discussions of Part I 
identify important points for con- 
sideration, it would appear to be virtu- 
ally impossible to design and construct a 
practical instrument from the contents 
of these pages alone. For such informa- 
tion, the reader must refer to the treatise 
by the same authors published in 1956. 
Part III, by Prat, is a series of brief de- 
scriptions of the application of this type: 
of microcalorimeter to studies involving 
biological structures. Included here are 
studies of the heat production during 
seed germination, bacterial growth, and 
effects produced thereon by antibiotics, 
insect metamorphosis, and thermo- 
genesis of reptiles and infant mam- 
mails. 


The bibliography deals almost ex- 
clusively with the extensive work of the 
authors and many references are made 
to the 1956 publication, “Microcalori- 
métrie.”—Floyd Dunn 





RICE GENETICS AND CYTOGENETICS 


R. F. Chandler. Proceedings of an inter- 
national Symposium on rice genetics, cyto- 
genetics, and taxonomy, held in 1963. 

Dec. $14.50 


THE PHYSICAL AND CHEMICAL 
PROPERTIES OF RIBOSOMES 


M. L. Petermann. A critical review of the 
world’s literature on this subject including 
historic background and preparative meth- 
ods. Jan. $10.00 


CHROMATOGRAPHIC REVIEWS, Vol. 6 


M. Lederer. A review covering significant 
1963 developments in this field, including 
six original papers. Nov. $12.75 


ZOONOSES 


J. van der Hoeden. Provides information on 
pathogenesis, comparative pathology, epi- 
demiology, public health, and prevention of 
animal diseases and control of zoonoses in 
man. Jan. $40.00 


DICTIONARY OF WOOD AND TIMBER: 
Vol. 1, Commercial & Botanical 
Nomenclature, Sources of Supply 


W. Boerhave Beekman. 3,778 entries in six 
languages, Eng., Fr., Sp., It., Sw., Dutch, and 
Ger. (Vols. 2 & 3 to follow). Dec. $20.00 


ACOUSTIC BEHAVIOUR OF ANIMALS 


R. G. Busnel, editor. A comprehensive 
work in this new field of animal biology by 
pioneers in this work. 933 pp., 1893 lit. 
refs., 65 tables, 415 illus. 1964 $45.00 


PORPHYRINS & 
METALLOPORPHYRINS 


J. E. Falk. A systematic treatment of the 
general, physical and coordination chemistry 
of porphyrins. BBA Liby., Vol. 2. 

1964 $13.50 


STEROID CHROMATOGRAPHY 


R. Neher. A detailed exposition of tech- 
niques best suited for the analysis of steroids, 
sterols, and related compounds, including 
special apparatus and typical examples of 
applications. 1964 $11.00 


NEW PERSPECTIVES IN BIOLOGY 


M. Sela. Papers on biological phenomena 
at the molecular level presented, at a Sym- 
posium in Israel, 1963, BBA Liby., Vol. 4. 

Dec. $14.50 


MUCOPOLYSACCHARIDES 


J. 5. Brimacombe and J. M. Webber. A de- 
tailed account of the chemistry of the muco- 
polysaccharides. BBA Liby., Vol. 6. 

Jan. $10.00 


THE BACTERIAL CELL WALL 


M. R. J. Salton. A comprehensive work 
covering all aspects of the bacterial cell wall, 
including technical details and facets of the 
study not touched on before. 1964 $14.50 


PHOSPHOLIPIDS: CHEMISTRY, 
METABOLISM AND FONCTION 


G. B. Ansell and J. N. Hawthorn. A com- 
prehensive account of advances in the field of 
phospholipid chemistry during the last ten 
years. BBA Liby., Vol. 3. 1964 $20.00 


PROGRESS IN BRAIN RESEARCH 


Three new titles in this International Multi- 
disciplinary Series designed for laboratory 
and clinical personnel concerned with the 
brain sciences: 


BIOGENIC AMINES (PBR, Vol. 8) 


H. Himwich and W. Himwich. Findings of 
an international symposium on binding sites 
of biogenic amines, containing the latest 
advances in this field. 1964 $14.50 


PHYSIOLOGY OF THE SPINAL 
NEURONS (PBR Vol. 12) 


J. C. Eeeles and J. P. Schade. A complete 
account of the Nobel prize-wimning work of 
the Canberra l Australia) laboratories and 
other leading research labs. 1964 $16.50 


ORGANIZATION OF THE SPINAL 
CORD (PBR Vol. 11) 


J. C. Eccles and J. P. Schade. An up- 
to-date account of current knowledge in 
neuroanatomy and its role in the neuro- 
logical sciences, with contributions from lead- 
ing spinal cord specialists. Dec. $15.00 


AMERICAN ELSEVIER PUBLISHING COMPANY, ENC. 
52 Vanderbilt Avenue, New York, N. Y.10017- Telephone (212) MU 6-5277 
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Mandelstam Theory & Regge Poles by 
R. Omnts & M. Froissart; 123 
pages; $7.50 cloth; $3.95 paper; W. A. 
Benjamin, Inc., 1963. 


In the past few years, since the suc- 
cessful application of dispersion rela- 
tions to forward pion-nucleon scattering, 
Issues involving the analytic structure 
of scattering amplitudes have become a 
dominant theme of theoretical particle 
physics. More and more variables have 
moved successively into the complex 
plan: first, energy (ordinary dispersion 
relations); then, momentum transfer as 
well (the Mandelstam representation) ; 
and most recently, angular momentum 
(Regge poles). Any actual confrontation 
with experiment must of course take 
place for real, physical values of the 
scattering variables. But excursions 
into the complex plane have provided 
new insights, and, in particular, have 
opened up the possibility of exploiting 
more fully the general principles of uni- 
tarity and crossing symmetry. 


Two related questions are involved 
here. One concerns the analytic struc- 
ture itself; the other has to do with the 
observable implications of this struc- 
ture. The simplest propositions about 
the analytic properties of scattering 
amplitudes can in fact be derived from 
the general principles of quantum field 
theory (ordinary dispersion relations 
for certain réactions are a case in point). 
For the rest, one turns to an analysis of 
Feynman graphs and of non-relativistic 
potential scattering as sources of con- 
jectures or for support of conjectures 
arrived at in other ways. 


The excellent monograph under re- 
view, written by two eminent French 
physicists, devotes about half its space 
to a review of analyticity questions for 
potential scattering. Since they are ad- 
dressing themselves to experimentalists, 
the authors rightly eschew rigor and 
concentrate on heuristic and physical 
discussion. In the bargain, they provide 
an elegant and lucid review of scattering 
theory generally; and the discussion 
successfully illuminates many of the 
issues that are at stake for the field- 
‘theoretic problem of actual physical 
interest. 
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The second half of the book is con- 
cerned with the field-theoretic problem: 
the kinematics, the notion of crossing 
symmetry, Mandelstam’s analyticity 
conjectures and their implications; and 
the Regge pole hypothesis. The very 
last chapter considers some of the im- 
plications of the Regge hypothesis for 
scattering at high energies.—S. B. 
Treiman 


Osmotic & Tonic Regulation in Animals 
by W. T. W. Porrs & G. Parry; 424 
pages; $9; The Macmillan Co., Per- 
gamon, 1964, 


Here is a book as refreshing as a 
breeze. It deals with an area of biology 
where publications have often tended to 
be encyclopedic presentations of scat- 
tered and somewhat unrelated data. 
While such compendia have been not 
only important but essential, a dif- 
ferent kind of approach is highly wel- 
come. This work demonstrates that the 
developments of the past decade have 
brought the field to the point where 
more unity is discernible. The material 
is presented clearly, effectively, and in- 
terestingly. 

This is a book which will be useful not 
only for the worker or potential worker 
in the field, but will also be good reading 
for the biologist whose primary interests 
are elsewhere. The presentation is care- 
fully adapted to such a reader, attempt- 
ing to bring unity to scattered informa- 
tion, to analyze and interpret the data, 
to weigh controversial issues, to point 
out both areas of knowledge and points 
of ignorance. If in a few places the 
authors fall a little short of this aim, 
their average of success is high. 

The writers make no pretense to a 
comprehensive tome. Minor details are 
frequently sacrificed for clarity and for 
principle. However, rich leads to the 
literature are provided by nearly 700 
references. The fact that these are made 
by title is a welcome feature; and if this 
adds somewhat to the cost of publication 
it is an investment which pays big 
dividends in usefulness. 

The general range and the foci of the 
monograph are indicated by the major 
areas with which it deals: general as- 
pects of osmoregulation including dis- 





ge Min 


QUASI-STELLAR SOURCES AND ° 


GRAVITATIONAL COLLAPSE 
Including the Proceedings of the First Texas Symposium on Rela- 
tivistic Astrophysics 
Edited by Ivor ROBINSON, ALFRED SCHILD, and K. L. ScHuKING 


Coming in December 
MENTAL RETARDATION 


A Review of Research 
Edited by HARVEY A. STEVENS and Rick HEBER 


A review of current research in the field of psychology, neurology, 
education, and genetics. 616 pages $12.50 


GENETICS AND THE SOCIAL BEHAVIOR OF THE DOG 
By JOHN PAUL Scort and Jonn L. FULLER 


The report of a thirteen-year experiment on a question funda- 
mental for behavioral scientists as well as zoologists——the genetic 
transmission of behavioral traits. 448 pages, 16 plates $12.50 


STATISTICAL THEORY OF LIQUIDS 


By I. Z. FISHER 

Translated from the Russian by THEODORE SWITZ 

with a Supplement by STUART A. RICE and PETER GRAY 

A development of the theory of the liquid state of matter, one of 
the most important problems of contemporary physics. This 
work was first published in Moscowin 1961. 408 pages $12.50 


TRANSMETHYLATION AND METHIONINE 
BIOSYNTHESIS 


Edited by STANLEY K. SHAPIRO and FRITZ SCHLENK 


These papers bring together many new aspects of enzymatic re- 
actions. Contributors: J. Axelrod, E. Borek, J. M. Buchanan, 
G. L. Cantoni, W. A. Klee, S. H. Mudd, W. M. O’Leary, L. W. 
Parks, C. N. Remy, F. Schlenk, S. K. Shapiro, d. A. Stekol, V. 
du Vigenaud, and D. D. Woods Cloth $12.50 


X-RAY EXAMINATION OF THE STOMACH 


A Description of the Roentgenologic Anatomy, Physiology, and 
Pathology of the Esophagus, Stomach, and Duodenum 
By FREDERIC E. TEMPLETON, M.D. 


After outlining the history of radiology, Dr. Templeton gives the 
basic principles of interpretation, applicable to both older and 
newer methods of fluoroscopy. The central three chapters of the 
book are devoted to inflammation, peptic ulcer, and neoplasm. 
In this revised edition the new material concerns innovations of 
spot radiography and the physiology of the esophagus. 

624 pages, 323 illustrations $15.00 


THE UNIVERSITY OF CHICAGO PRESS 


Chicago and London 
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cussion and definitions which introduce 
the uninitiated into this field; excretory 
organs, vertebrate and invertebrate, 
including protonephridia, contractile 
vacuoles, and Malpighian tubes as well 
as ultrafiltration systems; ionic regula- 
tion in marine animals; osmotic regula- 
tion in brackish, fresh-water, and land- 
living animals; hypo-osmotic regulators, 
and electrolyte metabolism. 

This work is a summary of a phys- 
iological field; it is a summary of one 
aspect of ecology; it is a summary of 
some factors involved in animal distri- 
bution. It is recommended both for the 
general biological reader and for the 
actual and potential worker in any of 
the sub-divisions of the field covered by 
the monograph.—Rudolf T. Kempton 


An Introduction to Waves, Rays & Ra- 
diation in Plasma Media by J. J. 
BRANDSTATTER; 690 pages; $15; Me- 
Graw-Hill Book Co., 1968. 


One is reluctant to point out any 
specific failings of this book, lest the in- 
ference be drawn that the author’s 
treatment is otherwise adequate. In ac- 
tual fact, this is not a book at all, but a 
set of lecture notes haphazardly edited. 
Perhaps this may explain the cumber- 
some notation and the stylistic blunders, 
e.g., “They are called the Stokes-Navier- 
Stokes equations after the men who first 
derived them.” However, nothing could 
extenuate the terribly misplaced em- 
phasis: all too often we are drawn 
through tedious “derivations” leading 
nowhere, while the essentials of the topic 
receive scarce mention. An extreme, but 
by no means isolated, example of this is 
the author’s treatment of an inhomo- 
geneous medium (Chapter VI). After a 
long bout with complicated variational 
forms and an excursion into functional 
analysis, the only conclusion reached is 
that ‘there is no royal road to the solu- 
tion of problems involving inhomo- 
geneities.”’ Of course, there is a royal 
road (the WKB method), but it lies 
hidden in a problem in the appendix. 

Unfortunately, it must be said that 
the entire book is characterized by such 
misplaced emphasis. In all but one of 
the nine chapters the author actually 
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treats the plasma only in the restricted 
sense of a magneto-ionic fluid whose 
dielectric properties are obtained from 
a zero temperature model incor- 
porating a phenomenological collision 
frequency. While such an approach may 
often be useful, in ionospheric problems 
for example, the basic problems of elec- 
tromagnetic plasma behavior are ac- 
cessible only when the plasma is treated 
statistically. However, the one chapter 
(Chapter VIII) in which a microscopic 
viewpoint is adopted, is completely 
superficial. The author performs some 
involved manipulations on the Fokker- 
Planck form of the collision integral, 
then suddenly abandons the program in 
favor of the original zero-temperature 
model, 

This book is advertised as a text, and 
its defects are magnified as sins of peda- 
gogy. The imbalance toward waves in a 
zero-temperature plasma is so complete 
that such phenomena as bremsstrah- 
lung, microinstabilities, synchrotron ra- 
diation, and jon-acoustic waves are not 
even mentioned. Landau damping 
is neglected because it “requires the use 
of complex variable theory!’ But the 
student, reading this “text,” deserves to 
learn what plasma actually is, not what 
the author may think it is or wish it to 
be. 

It is upsetting to see a book like this 
appear. Badly written, badly edited, 
printed by photo-offset from a type- 
written manuscript and done up in a 
cheap binding, it sells for $15. Perhaps 
enough institutions will purchase it to 
make similar ventures profitable. If 
that turns out to be the case, should the 
publishers be absolved of responsibility? 
Something is wrong somewhere.—Fred 
Shure 


The Psittacosis Group as Bacteria by J. 
W. Mounper; 95 pages: $4; John 
Wiley & Sons, 1964. 


This monograph, the sixth in the 
series of CIBA lectures in microbial 
biochemistry, is a concise survey of the 
biology and biochemistry of the Psitta- 
cosis group of organisms. 

In the first two chapters the 
morphology, growth cycle, chemical 





COLLECTED EXPERIMENTAL PAPERS OF 
P. W. BRIDGMAN 


These papers, extending over a period of fifty yeafts, con- 
stitute the complete record of the experimental work in 
the physics of high pressure to which Mr. Bridgman de- 
voted most of his scientific efforts. A complete index of 
substances, based on one prepared by the author, and an 
index of subjects including apparatus and techniques are 
provided. Seven volumes. $100.00 the set 


ANCIENT SOCIETY 


By LEWIS H. MORGAN 
Edited by LESLIE A. WHITE 


Published in 1877, Ancient Society was the first compre- 

hensive and original attempt, after publication of Darwin’s 

On the Origin of Species, to present a theory of the evolution 

of human civilization as a whole, tracing “the lines of 

human progress through savagery and barbarism to civiliza- 

ae The John Harvard Library. A Belknap Press Book. 
95 


THE INTEGRITY OF THE BODY 


By F. M. BURNET, F. R. S. 


“<... not only is the book well written and interesting, but 
extremely valuable to a general biologist ...the jargon 
and the techniques are kept to a minimum or clearly, ex- 
plained so that it is possible to follow the author.... 
it is profoundly stimulating.” ——American Scientist. Har- 
vard Books in Biology, 3. Second printing. $4.75 


HARVARD CASE HISTORIES IN 
EXPERIMENTAL SCIENCE 


Edited by JAMES BRYANT CONANT 


These two volumes “present in concrete and readable 
form the basic evidence and conclusions of some of the 
landmarks of science, and reprint the actual words of 
important texts...”-—American Journal of Physics. “... 
an enlightening picture of the evolution of modern science.” 
—The N. Y. Times. Second printing. $10.00 the set 
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composition, and metabolic properties 
of the organisms are outlined. These 
chapters are liberally illustrated with 
tables, graphs, and electron micro- 
graphs; unfortunately, several of the 
latter are poorly reproduced. The third 
chapter is devoted to summarizing Pro- 
fessor Moulder’s ideas on the relationship 
of these organisms to bacteria, and their 
classification as energy parasites. A 
useful set of recent references has been 
included for eagh chapter. 

The systematic presentation of some 
aspects of Psittacosis biochemistry and 
the indications of gaps in our current 
knowledge of these organisms will, per- 
haps, whet the interest of those working 
in related fields. 

According to the information pre- 
sented on the book’s jacket, the book is 
designed to convince one that the 
Psittacosis agents are not large viruses 
but small bacteria or at least very close 
relatives of bacteria and, further, that 
there is an absolute distinction between 
viruses and other infectious agents. 
With respect to the latter point one 
might argue that the apparent gap 
between viruses and bacteria merely 
reflects our limited knowledge of the 
details of replication of even well-known 
intracellular parasites. As for the 
demonstration that Psittacosis agents 
are not viruses, the arguments are 
convincing and the imformation ap- 
parently timely; the inclusion of at least 
one paper on these agents in a well- 
known journal ostensibly devoted to 
virology, suggests that virologists, at 
least, would profit by reading the 
monograph-—B. R. McAuslan 


Earthquakes and Earth Structure by 
Joun H. Hopason; 166 pages; 
$3.95; Prentice-Hall, 1964. 


This extremely readable book 
portrays in graphic style the meaning 
and experience of earthquakes. By a 
judicious selection of a few important 
quakes—several well known and some 
more obscure——the author has managed 
to explain the origin, recording, and 
interpretation of quakes and to examine 
possible methods of avoiding ‘‘the 
scourge of the earthquake.” 
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` questions. 


The layman’s interest in these natural 
phenomena is mounting continuously. 
Each new major quake arouses curiosity 
and fear about the forces at work 
within the earth. Harthquakes and Barth 
Structure explains some of the “facts, 
effects, and fancies” of earth tremors. 
The author does not hesitate to mix 
qualitative and quantitative treatment; 
an equation or two can aid in clarifying 
such concepts as the relationship of 
energy to earthquake magnitudes and 
the computing of distances and thick- 
nesses from travel-time curves. 

Many implications about the earth’s 
structure are drawn from the initial 
exammation of what earthquakes are 
like and how seismologists study them. 
Possible causes of earthquakes are 
analyzed in terms of current theories 
and information obtained by an analysis 
of the statistical distribution of quakes 
in time and space. 

Well-written and pleasingly il- 
lustrated, this volume is relatively free 
of error in its presentation. Although 
intended principally for the ‘non- 
specialist,” the book should prove to be 
a handy addition to the library of many 
students of the earth—Marvin E. 
Kauffman 


Handbook of Physiology, Section 2: Cir- 
culation; Vol. IT, P. Dow, Executive 
Editor; W. F. Hamitron, Section 
Editor; 1786 pages; $82; Distrib- 
uted for the American Physio- 
logical Society by The Williams & 
Wilkins Co., 1963. 


Five years ago, when the first volume 
of this series made its appearance, the 
publication of this American version of 
the German Handbiicher prompted two 
One of these concerned for 
whom the book was written; the other 
related to the price tag. These ques- 
tions may still obtain in the case of the 
present volume. 

In truth, any criticism of the present 
volume probably applies to the series as 
a whole. There is some uneveness 
which is inevitable in multiauthored 
books, but it is of minor importance. 
The chapter on the role of endocrines 
and stress, for example, seems less than 


New Professional Books in the Sciences 





OXYGEN IN THE ANIMAL ORGANISM 
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and detection of x-rays; x-rays, neutrons, electrons, 
mesons, and heavy particles; coincidence; tech- 
niques anti-concidence time-of-flight methods; x-ray 
and neutron polarimetry, and other such applica- 
tions. The bibliography contains over 1700 references 
and numerous tables and figures present all the basic 
design data. 


A Pergamon Press Book 657 pages, $17.50 
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Edited by Maurice H. Francombe, Philco Scientific 
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Dearborn, Michigan. 


This is a compilation of both invited and contributed 
papers, selected to caver aspects of nucleation, film 
growth, epitaxy, and the physical properties of single- 
crystal films. Primary metals, alloys, and semi- 
conductor compounds are considered. The presenta- 
tion successfully achieves a balance between well- 
documented reviews of the field by recognized author- 
ities and completely new results which effectively illus- 
trate future research trends. 


A Pergamon Press Book 430 pages, $14.50 
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greater knowledge of the subject. 
A Pergamon Press Book 
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exhaustive, and one would have liked a 
longer discussion of some aspects of 
neonatal circulation, such as, closure of 
the ductus arteriosus. There is an 
abundance of clinical material, but I 
think not a preponderance. Also, in the 
rapidly moving areas such as renal 
physiology, some material, under- 
standably, may not be current. 

These criticisms have always applied 
to textbooks of physiology. The Hand- 
book of Physiology, Circulation, however, 
is no ordinary textbook. It is a super- 
text in which basic concepts are as- 
sumed. It is a high quality, advanced 
work. Moreover, it is a super-text with 
a rich reference list, and good index. 
These latter qualities make it a most 
welcome effort to the instructor as well 
as to the graduate student. This then 
is the answer to the first question. 

It is expensive. I think that in my 
graduate student days, I would have 
had to use the library copy. In these 
days of affluence, however, it would 
even seem modestly priced compared 
with other publications. Frankly, if 
. you are an instructor in physiology or a 
rich graduate student you cannot afford 
not to have it—/John W. Bauman, Jr. 


The Mystery of the Expanding Universe 
by W. Bonnor; 212 pages; $7.50; 
The Macmillan Co., 1964. 


Many of the essential procedures and 
results of modern cosmology have been 
‘put into non-mathematical form readily 
accessible to the layman in this book. 
The author, Professor of Mathematics 
at, the University of London, first 
orients the reader by briefly discussing 
the nature and magnitude of planets, 
stars, galaxies, and the cosmological 
unit—clusters of galaxies. This 
section includes 12 photographs, mainly 
of galaxies and red-shift spectra similar 
to those found in many elementary 
astronomy texts. 

The second section describes the 
methods and difficulties of the 
observational astronomer and the types 
of data needed for the study of cosmol- 
ogy. A short, though not superficial, 
discussion ‘leads into the theoretical 
part. 
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It is this third part which is best 
written and most exciting. Attention 
is given to the meaning of models in 
physics and the philosophical outlook of 
the working cosmologist. The author 
introduces the happy pedagogical device 
of distinguishing between cosmological 
models by their expansion curves, graphs 
of the size of a model universe as a 
function of its age. Emphasis is placed 
upon the relativistic and steady-state 
models, but this book also contains the 
only simple account known to the re- 
viewer of Gédel’s model of a rotating 
universe. About a dozen models are 
described briefly but in sufficient detail 
to help the reader judge their relative 
historical, philosophical, and scientific 
positions. 

Finally the most recent observations, 
the Hoyle-Ryle controversy, and the 
author’s conclusions regarding the 
merits of relativistic and steady-state 
theories are reported. The text is 
delightfully opinionated throughout, but 
the author is careful to state where facts 
leave off and speculations begin. 
Except for an occasional minor technical 
inaccuracy (e.g, discounting the 
relevance of the veloeity for which time 
travel is possible in Gédel’s model), the 
volume is well-written and highly rec- 
ommendahble as an introductory survey. 
Though binding and typography are 
good, the price seems rather too high 
for a non-technical book of this 
nature.— William C. Saslaw 


Germfree Life & Gnotobiology by THOMAS 
D. Luckey; 512 pages; $17.50; 
Academic Press, 1963. 


The word gnotobiology is used for the 
first time in this book and is defined by 
the author as “the study of, or knowl- 
edge of, organisms living under such 
conditions that all species in intimate 
contact with each other are known to 
the investigator in absence of all other 
demonstrable viable organisms.” It 
would seem that this new word would 
find a permanent place in the investiga- 
tors vocabulary as it clearly defines 
the situation and lends itself to such 
adaptations as gnotophore, indicating an 
organism existing in intimate contact 
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with one or more known species and no 
other demonstrable viable organism, 
dibiole, an organism living in intimate 
contact with only one other, fribiole, etc. 
Dr. Luckey also coins other words 
which are given in a glossary but which 
are reasonably definitive, and in 
general self-explanatory. 

One of the most amazing things in 
this book is the presentation of historical 
material showing that germfree life 
antedates by many years the work done 
at Notre Dame. This must come as a 
surprise to workers other than those 
intimately engaged in the field. Most 
people, when asked, will state that the 
production and use of germfree animals 
started with Dr. Reyniers and Lobund. 

The book has six chapters: Theory 
and General Aspects of Germfree Life 
and Gnotobiology, Phylogenetic 
Development of Germfree Research 
Germfree Animal Techniques, Nutri- 
tion of Germfree Animals, Character- 
istics of Germfree Animals, and Gnoto- 
phoric Animals. The last two chapters 
emphasize the difference in the con- 
ception of the germfree and gnotophoric 
states. At the end of the book, in 
addition to the Glossary, there is a 
chronology, and eight tables of diets for 
various types of experimental animals. 

The book is well written and 
directions for producing and main- 
taining colonies of germfree life for 
insects, fish, poulty, rats, large animals, 
ete., are comprehensive, and explicit. 
Nearly a thousand references make the 
volume particularly useful. 

It is, perhaps, unfortunate that more 
space was not given to the work of 
Dubos and Schaedler but since their 
work was with polybiotes this may be an 
unfair observation. Certainly, the book 
is fascinating and will be of value to all 
biologists whether active investigators 
in the field or just interested on-lookers. 
—David B. Sabine 


The Planet Mercury by W. SANDER, 
translated by A. Herm; 94 pages; 
$3.95; The Macmillan Co., 1963. 


elhere are many possible audiences 
for a book about a planet, including the 
professional astronomers, amateur 
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astronomers, the general public, the 
astronautics community, science fiction 
writers and fans, children, etc. The 
author of this little book does not specify 
his intended audience; however, it 
appears to be aimed at the amateur. 

The highly specialized professional 
astronomer may feel that all the well- 
established data on Mercury could be 
summarized in only a few pages and that 
there is, therefore, no need for a book 
such as this. However, the teacher of 
astronomy may be interested in the 
history of observations and speculations 
concerning the atmosphere and surface, 
while the amateur should also be 
interested in the chapter on practical 
observations. 

It is unfortunate that the book was 
written just too early to miss the very 
interesting observations and conclusions 
of N. A. Kozyrev on the atmosphere of 
Mercury. His spectrographic studies 
show an atmosphere of hydrogen which 
he calculates could be sustained by 
influx of solar protons. 

If Kozyrev’s results are confirmed, 
Mercury ‘will become much more 
interesting as a target for instrument 
probes and even manned space flights. 
Even the very thin atmosphere, which 
he estimates at 0.003 of the earth’s, 
should be sufficient for atmospheric 
braking. This would make the dif- 
ference between a very difficult astro- 
nautic target—more difficult than 
Jupiter—and one only slightly more 
difficult than Mars and Venus. 

Dr. Sandner was apparently not 
writing for the astronautics community 
since he says very little about the 
prospects of travel to Mercury. 
Additional material on this subject 
could be generated which would quickly 
fill a longer book than the present one. 
However, until this has been done, Dr. 
Sander’s book should prove useful for 
the growing group of scientists, 
engineers, students, and amateurs who 
are taking an increased interest in the 
innermost planet—Dandridge M.. Cole 


The Ecology of North America by 
Victor ©. SxHentrorp; 610 pages; 
$10; University of Illinois Press, 1963. 


This treatise is the culmination of the 


© The Faraday Press announces 
21 major Soviet Scientific Journals 


now available for the first time 


we AUTHORITATIVE COVER-TO-COVER ENGLISH TRANSLATION 


sREGULAR YEARLY SUBSCRIPTION - BEGINNING WITH JAN. 1965 ISSUES 





Nuclear Physics / Yadernaya Fizika 

Soviet progress at the Kurchatov Institute, at Dubna and other 

key centers, previously reported in various journals, will now be 

covered by this indispensable Acaderny of Sciences publication. 
Monthly, $150 / year 


Differential Equations / Differentsial’nyye Uravneniya 

Offers for the first time in a single journal the original work of 
outstanding Soviet mathematicians in this increasingly impor- 
tant field, Monthly, $250 / year 


Theoretical and Experimental Chemistry / 


Teoreticheskaya i Eksperimental'naya Khimiya 
Reports on the most important current research of the leading 
centers throughout the Soviet Union; the equivalent in impor- 
tance in chemistry to the Soviet J. Theoretical & Exp. Phys. in 
physics. Bimonthly, $120 / year 


Soviet Radiophysics / Izvestiya VUZ. Radiofizika 

Presents original contributions by Troitskiy and other world- 
famous Soviet radiophysicists dealing with lunar and solar radio 
emission, the propagation of electromagnetic waves, and other 
radiophysical phenomena. Bimonthly, $125 / year 


Soviet Radio Engineering / /zvestiya VUZ. 
Radiotekhnika 


Publishes articles on the latest Soviet advances in information 

theory, high-frequency radio electronics and electrodynamics, 

and new radio engineering materials and components. 
Bimonthly, $115 / year 


Journal of Applied Mechanics and Technical Physics / 


Zhurnal Prikladnoy Mekhaniki i Tekhnicheskoy Fiziki 

A wide-ranging journal of importance to applied physicists, and 
mechanical, aeronautieal, chemical, and structural engineers, 

Bimonthly, $150 / year 


Soviet Physics / izvestiya VUZ. Fizika 
Covers advanced Soviet theoretical and experimental investiga- 
tions in plasma physics, optics, molecular physics, electronic 
processes and the entire range of physics research. 

Bimonthly, $125 / year 


Astrophysics / Astrofizika 

Describes Soviet research in tunar, interplanetary, solar and 
stellar physics, as performed under the direction of V. A. Ambart- 
sumyan and other leading astrophysicists. Quarterly, $90 / year 


Polymer Mechanics / Mekhanika Polimerov 

Keeps the reader informed on the latest and most valuable devel- 

opments in Soviet polymer research and applications. 
Bimonthly, $120 / year 


Heat and Power / Teploenergetika 

Reports the latest advances in heavy power equipment and auto- 
mation, fuels and combustion, turbomachinery design, and 
thermophysical properties. Manthly, $220 / year 


Applied Solar Energy / Geliotekhnika 

A significant new journal, devoted entirely to a subject in which 

Soviet scientists are making outstanding contributions. 
Bimonthiy, $110 7 year 


Journal of Organic Chemistry / 

Zhurnal Organicheskoy Khimii 
Of interest to every Western organic chemist, this new journal 
will be the principal source of information on Soviet research in 
this field, previously available anty as scattered articles in many 
journals. Monthly, $160 / year 


Journal of Applied Spectroscopy / 
Zhurnal Prikladnoy Spektroskopii 
Describes the many expanded and new applications of spec- 
troscapy in the various engineering and scientific disciplines. 
Monthly, $150 / year 


Journal of Engineering Physics / 
Inzhenerno-Fizicheskiy Zhurnal 
Devoted to Soviet basic and applied research in heat and mass 
transfer and exotic heat sources; highly valuable, presenting 
many original contributions. Monthly, $150 / year 


Magnetic Properties of Liquid Metals / 
Magnitnaya Mekhanika Zhidkikh Metallov 


increasing research and success in technological applications of 
magnetism in the Soviet Union have led to the publication of 
this important new journal. Quarterly, $90 / year 


Chemistry of Heterocyclic Compounds / 
Khimiya Geterotsiklicheskikh Soyedineniy 


Expanding Soviet research in this increasingly important area 
has contributed this vital new journal. Bimonthly, $120 / year 


Chemistry of Natural Compounds / 
Khimiya Prirodnykh Soyedineniy 
The Soviet journal devoted to original research in the structure, 
modification and synthesis of natural compounds. 
Bimonthly, $210 / year 


Electrical Engineering / Elektrotekhnika 
Reports the latest, most important advances in Soviet electrical 
equipment and instrumentation, * Monthiy, $160 / year 


Applied Biochemistry and Microbiology / 
Prikladnaya Biokhimiya i Mikrobiologiya 
Research in this field is producing extensive and valuable new 
applications in many areas of industry and medicine; reviewed 
fully in this critically important new journal. 
Bimonthiy, $120 / year 


Physicochemical Properties of Materials / 
Fiziko-Khimicheskaya Mekhanika Materialov 


Of great importance to industry, this journal reports on new 
materials being developed in the Soviet Union, their properties 
and specific applications, Bimonthiy, $115 / year 


Cybernetics / Kibernetika 

Offers a complete review of current achievements and long- 

range goals in this field being rapidly developed in the Soviet 

Union, in which top Soviet talent is being concentrated. 
Bimonthiy, $115 / year 


Note: Yearty subscriptions and back copies (1962-current) to 
“Soviet Engineering Physics Abstracts" and “Soviet Heat and 
Power Abstracts” are still available~-write for further information. 
Order your 1965 subscriptions to the essential 
Soviet journals described above from: 


The Faraday PresS 8S pusysners® 


15 Park Row, New York, N.Y. 10038 


433A 


life work of Victor E. Shelford, the 
“father of animals’ ecology and bio- 
ecology.” It is a weighty volume 
comprising 19 chapters: an introduction 
covering the scope and meaning of 
ecology and the remaining chapters de- 
voted to the major biotic areas of North 
America. These include, among others, 
the temperate deciduous forest, the 
floodplain, boreal coniferous forest, 
montane coniferous forest, tundra, cold 
desert and semidesert, grassland, hot 
desert, tropical rain forest, cloud forest, 
and communities of southern Florida 
and Cuba. 


Over 800 references are incorporated, 
thus bringing together an overwhelming 
number of ecological studies. The 
pattern of organization for each major 
biotic unit is first, a general description 
of the region as a whole, followed by a 
discussion of the associated vegetation 
and animal populations including dom- 
inants, influents, and permeants. 


According to the fly leaf statement 
“This book is the first comprehensive 
description of North America from an 
ecological viewpoint as it appeared in 
the period 1500-1600.” Obviously this 
is a difficult but worthy project and an 
effort is made to touch upon this period 
occasionally. However, the work is 
primarily an invaluable compilation 
of descriptive vegetation, animal 
ecology, and bioecological research ef 
the last half century. 


In such an undertaking omissions are 
inevitable. For example, Bromley’s 
excellent monograph on the Original 
Forest Types of Southern New England 
and, for the Southwest, Humphrey’s 
review of the desert grassland before 
the arrival of white man and his cattle 
are omitted. On the whole, the animal 
coverage appears superior to that of the 
vegetation. 

The volume is profusely illustrated, 
most of the figures having been taken 
from previously published papers, with 
the exception of numerous vegetation 
maps compiled by the author as intro- 
duction to the various biotic areas. 
Photographs of the vegetation and as- 
sogjated animals are effectively used and 
add greatly to the text. Although this 
work brings together much information, 


434A 


there is still room for synthesis and 
interaction, as the author’s epilogue 
emphasizes: 

“While it has on the whole been a 
pleasure to bring together this informa- 
tion on the bioecology of North America, 
it seems fitting to say that the basic 
defects in our fund of knowledge are 
(1) the lack of studies of both plants 
and animals in the same community, (2) 
the lack of quantitative data on the 
populations of animals and their food 
habits and on the density of plants, and 
(3) the lack of consideration of the 
interrelation of animals and the vegeta- 
tion. These deficiencies need to be 
remedied. Let us hope that every 
effort is made to learn the structure, 
composition, and dynamics of the 
original communities of North America 
before they finally succumb before the 
advance of civilization.” — William A. 
Niering. 


Introduction to Integrated Semiconductor 
Circuits by A. J. KHAMBATA; 233 
pages; $7.50; John Wiley & Sons, 
1964. 


This volume, one of several cur- 
rently available and reporting on the 
present status of microelectronics, is 
essentially a compilation of and guide 
to some of the recent literature 
generated by this newest phase of 
applied electronics. Cast in this role, 
Khambata’s efforts best serve as a 
preliminary guide to the fabrication 
processes, design techniques, and cur- 
rently available hardware for integrated 
circuits. 

Following some general introductory 
observations, and a review of semi- 
conductor and thin film technologies, the 
author describes several broad ap- 
proaches to microminiaturization. Inte- 
grated circuits (embodied in semi- 
conductor blocks), the multiple chip 
approach, thin film circuits, and hybrids 
of these, are introduced to the reader. 
Each approach is presented with its 
unique advantages and disadvantages, 
fabrication processes, and examples. 
Most of the illustrations are not 
academic designs, but rather specific 
studies of appropriate contemporary 
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ə Now Complete 


THANNHAUSER’S Textbook of Metabolism 
and Metabolic Disorders 


Edited by Nepomuk Zöllner, M.D., and Translated and Adapted by Solomon 
E’stren, M.D. 


This invaluable reference book is now complete with the publication of the 
second and final volume. The two volumes together provide a compre- 
hensive survey of metabolic studies written in the spirit of one of the giants 
of modern medicine, Dr. Siegfried Thannhauser. A work of great magni- 
tude .. .(Vol. I—480 Pages, 80 Illus., $17.50; Vol. II—520 Pages, 208 Illus. 
$19.75) 


e Just Published 


IlIness and Cire 
Studies on the Philosophy of Medicine 
and Mental Health 


By Joost A. M. Meerloo, M.D., Ph.D. 


A noted psychiatrist presents his forty years of ponderings on the nature 
of illness and the meaning of cure. A fascinating volume for everyone, 
whether physician or layman, who seeks a deeper look at medicine and 
psychiatry. (240 pages, illustrated, $8.75) 


e Coming soon 
Comparative Basic Cardiology 
By Jane Sands Robb, M.D. 


The most complete reference source on animal cardiology available in Eng- 
lish. The book covers a wide range of cardiologic studies from the lower 
animal forms to the vertebrates. (More than 600 pages, black and white 
and color illustrations, about $35.00— Ready early 1965) 


Comparative Hematology 


By Warren Andrew, M.D. 


A complete, comprehensive and indispensable guide for the scientist work- 
ing In hematologic research. (In press, ready early 1965) 
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commercial circuits. Much of the 
material herein presented will be made 
obsolete by rapid changes in technology. 

Finally, the reader is presented with 
inadequately short chapters on 
“Testing, Reliability and Maintain- 
ability,” and predictions of future 
developments in the state of the art. 
Appendices review in detail many of the 
major commercial product lmes now 
available (1963). 

Certain specific comments on the 
text are approphate. The references 
given are too few, both as footnotes in 
the body of the text and as an adjunct 
bibliography. Particularly in an intro- 
ductory text, such a finding cannot 
be neglected. Clearly, it has not been 
possible for the author to go into depth 
in any given area, and many worthwhile 
references are mandatory. 

Secondly, very little, even by way of 
review, is presented concerning the often 
inherent distributed network properties 
of microminiature devices. And last, 
but by no means least, Khambata’s own 
field of digital logic circuits is described 
and referenced in considerably more 
detail than other topics, particularly to 
the exclusion of linear circuits—Aalph 
W. Wyndrum, Jr. 


The Chemistry of Wood, edited by B. L. 
Brownie; 689 pages; $25; John 
Wiley & Sons, Interscience, 1963. 


There has been an increasing need in 
recent years for a new book on the sub- 
ject of the chemistry of wood and its 
components to bring up to date the 
many advances in this field since the 
last book of this type was published. 
This book with its extensive bibliog- 
raphies at the end of each chapter 
should serve as an invaluable reference 
both to the research scientist and to the 
student in this subject. 

By selecting men of recognized 
authority in their respective fields of 
morphology, cellulose, hemicelluloses, 
lignin, and the extractives, to write 
the different chapters, the latest 
thoughts and advances are covered in a 
way probably not possible by a single 
individual. The chapters on the 
chemistry of developing wood and on 
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bark are much needed adjuncts to a 
book of this sort and the chapter on 
wood as a chemical raw material should 
serve to stimulate both fundamental and 
applied research in this fascinating 
subject. 

In a subject in which there are many 
details that are still largely unknown, 
there are bound to be differences of 
opinion with the published statements. 
This text is on such a theme and no 
doubt will find among its readers those 
who differ with the authors on particular 
details but as a whole the book is to be 
recommended as a valuable reference to 
all those working with the chemistry of 
wood.—Leonard F. Burkart 


Synthetic Fibers in Papermaking, 
edited by O. A. Barrista; 340 
pages; $14; John Wiley & Sons, 
Interscience, 1964. 


This book is the produet of twelve 
outstanding experts in the field of 
synthetic fibers. Commercial fibers as 
well as laboratory curiosities are treated 
with enthusiasm. It is an excellent, 
well-organized source of technical data. 
These data are presented in a compara- 
tive manner and facilitate the reader’s 
comprehension. Uses of metal, glass, 
and ceramic fibers are detailed, along 
with their applications to space age de- 
mands. It discusses market potentials 
in America and in Europe, deals with 
the opportunities of blending synthetics 
with natural fibers, attempts to link 
fiber properties to sheet properties, and 
elaborates on the technology already 
developed to handle the new fibers. 
This book has depth as well as breadth 
and will satisfy the beginner as well as 
the expert. 

The reader may be left with the im- 
pression that synthetic fiber papers are 
due for a great expansion in the im- 
mediate future. This is a highly 
questionable conclusion in view of the 
high cost of synthetic fibers. As 
implied, better marketing efforts as well 
as more efficient papermaking tech- 
niques will be helpful in broadening 
applications. However, it is doubtful if 
these are sufficient to carry the use of 
synthetic fibers beyond very special 


Laboratory 
Handbook 


N. L. Parr 


In this comprehensive and indispensible 
manual for scientists and engineers, 49 
specialists provide the practical information 
necessary for consistent and reproducible 
results in a wide range of tests and analyses. 
Particular attention is paid the newer instru- 
Mea methods. 1964, 1522 pages, approx. 


Atomic Spectra 


C. Candler 


This book brings the entire field of atomic 
spectra fully up-to-date. Among the many 
new developments featured are the spectra 
of the actinides, recent work on hyperfine 
structure, detailed tables of nuclear mo- 
ments, and cross sections for protonic nu- 
clei, neutronic nuclei, deutonic nuclei, quad- 
rupole and higher radiation. 1964, 480 pages, 
approx, $18.00. 


Low Temperature 
Techniques 


A. C. Rosse-Innes 


Here is a book that deals entirely with tem- 
peratures below 1°K, and presents complete 
practical directions for the storage and dis- 
tribution of liquid helium, the design and op- 
eration of cryostats, and the measurement 
and control of temperature. 1964, 157 pages, 
approx. $4.75. 


salt Deposits: 


The Origin, Metamorphism and 
Deformation of Evaporites 


Hermann Borchert and Richard O. Muir 


This translation of a comprehensive review of 
marine and non-marine salt deposits dis- 
cusses evaporite depositional environments, 
factors controlling rhythmic sedimentation, 
important aspects of crystallization and 
metamorphism, mechanical properties of 
evaporites, and effects of stresses produced 
by mining. 1964, 348 pages, $12.50. 


Growth Process 
in Animals 


A. E. Needham 


A comprehensive survey of the growth proc- 
esses in which integration of the classical 
concepts of morphology, histology, and em- 
bryology with new findings from radioactive 
isotopes and electron microscopy produces 
noteworthy treatments of biosynthesis, pro- 
liferation of viruses» and other important 
topics. 1964, 520 pages, approx. $12.50. 


hormones and 
Evolution 


E. J. W. Barrington 


A study of the rapidly changing field of com- 
parative endocrinology that presents a zoo- 
logical view of the origin and evolution of en- 
docrine systems. Technical advances are 
detailed and analyses of how hormones pro- 
duce their effects and of the molecular basis 
of evolution and adaptation are made. 
1964, 162 pages, $3.95. 


Neutron Irradiation 
and Activation 
_ Analysis 


Denis Taylor 


This book fully explains the various methods 
of measurement whereby neutron irradiation 
and activation analysis may be used. The 
determination of trace elements is empha- 
sized. 1964, 182 pages, $8.75. 
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papers. Inexpensive natural fibers will 
continue to satisfy the basic paper 
needs. 

The book, with its enthusiastic pres- 
entation, will be a stimulation to many 
and should be helpful in encouraging 
more research effort in this challenging 
field of synthetic fibers in paper- 
making.—James J. Eberl 


Photoelectric Astronomy for Amateurs, 
edited by F. B. Woop; 223 pages; 
$6.50; The Macmillan Co., 1963. 


My first reaction to this excellent 
book was that it was mistitled. Many, 
if not most, professional astronomers will 
find it to be a rich mine of information. 
However, many talented amateur 
astronomers, particularly variable 
star observers, could be making far 
more valuable observations than they 
are now with the expenditure of a few 
hundred dollars and perhaps a hundred 
hours of fascinating shop time. I speak 
from experience. At the moment I am 
completing my seventh photometer; 
three of these were built in my own shop 
at home with a small circular saw, a 
drill press, and the usual assortment of 
hand tools. As a professional astrono- 
mer, I very much hope that this book 
will stimulate similarly equipped 
amatuers to try their hand at photo- 
electric astronomy. 

‘ There are* seven chapters in all. 
Harlan Smith, Director of the Mac- 
Donald Observatory begins the book 
with a fine review of astronomical 
photometry and a brief introduction to 
the details to follow. Chapter 2 by 
A. D. Code, Director of the Washburn 
Observatory, nicely describes various 
designs of photometers and their as- 
sociated electronics. The next chapter, 
written by one of the pioneers of photo- 
electric work, Gerald E. Kron, dis- 
cusses photocells and filters, while 
Chapter 4 by Frank Bateson, the well- 
known New Zealand astronomer, tells 
how the observations are made in 
practice. The next two chapters con- 
tain valuable lists and information 
about intrinsic variable stars and about 
eclipsing systems. The authors are 
both experts in the area: Helmut Abt 
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of Kitt Peak and Frank Bradshaw 
Wood of Flower and Cook Observatory. 
It is Professor Wood who should be con- 
gratulated for bringing the volume into 
being. The last chapter by John 
Merrill tells how the raw data are re- 
duced, polished, and made available to 
others. 

A book of this sort has been needed 
for a long while. It is gratifying to see 
such a splendid piece of work compiled 
by Professor Wood and his associates.— 
Wiliam Liller 


The Feynman Lectures On Physics, 
Vols. I & IT, by R. P. FEYNMAN 
et al; 568 pages; $8.75 per volume; 
Addison-Wesley Publishing Co., 
1963. 


This series of lectures, originally 
given as a two-year introductory course 
in physics at Caltech, is designed 
primarily to meet the needs of the 
brightest and most enthusiastic 
students. Its special goal is to maintain 
the interest of these students who, 
having heard much about the theory of 
relativity, quantum mechanics, and 
elementary particles, have still to 
master the fundamentals of inclined 
planes, rigid rotators, and accelerating 
bodies. The resulting volumes, al- 
though challenging and exciting to the 
best students (and to their teachers!), 
are, in their present form, neither par- 
ticularly well suited nor completely 
adequate as texts for an introductory 
course in physics. The hard core of 
such a two-year course consists, in the 
opinion of this reviewer, not of 
lectures—no matter how brilliant they 
might be—but rather of examples, ap- 
plications, and problems. In the orig- 
inal Feynman course, this material 
was covered primarily in recitation 
sections, and, for the most part, it has 
not been integrated into the present 
volumes. 

A particularly intriguing chapter ii 
Volume I entitled “Symmetry in 
Physical Laws” introduces the students 
to symmetry operations such as transla- 
tions in space and translations in time 
and emphasizes the relationship between 
these operations and their corresponding 





THE INSECTS 


Url Lanham 


This beautifully illustrated book, a natural history of the insects, is written for the 
student, the amateur entomologist, and the general reader. The author writes of 
the origin and evolution of insects and compares them with related animals such 
as the centipedes and spiders. There is a discussion of insect structure in terms of 
function and a section on insects and their environment. 

- 25 photographs 70 drawings $6.95 


THE NATURAL GEOGRAPHY 
OF PLANTS 


Henry A. Gleason and Arthur Cronquist 


This book is for anyone who wishes to know the why’s and wherefore’s of plant 
distribution. It is essentially the only place one can find a clear, simple exposition 
of the basic principles of plant geography in non-technical language. The first 
half of this study describes the factors involved in plant distribution; the second 
half discusses the ten floristic provinces of the continental United States and Canada. 
An important and outstanding feature of this book is its illustrations—-233 pages 
of visual aids that graphically depict different kinds of plants, plant communities, 
plant migration and general plant and area characteristics. $10.00 


ANTS 


Their Structure, Behavior, 
And Development 
William Morton Wheeler 


Out of print for many years and long in demand, this book is regarded as the de- 

finitive work on ants. It is the most comprehensive publication on the subject. 

Not only students and teachers of natural history but anyone interested in the 

mystery and complexity of the natural world will be fascinated by this book. 
illustrated $17.50 
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conserved quantities—in this case, 
linear momentum and energy. Parity is 
introduced only to be violated. The 
section on antimatter is followed by a 
concluding section on broken sym- 
metries. In another chapter with the 
prosaic title “Ratchet and Pawl,” 
a ratchet and pawl become a novel 
engine with which to study reversibility 
and the second law of thermodynamics. 
While Volume II deals primarily with 
electricity and magnetism, it is broad 
enough to include chapters on elasticity 
and fluid flow and is thorough enough 
to provide, as is needed, introductions 
to differential and integral calculus of 
vector fields and, later, to tensors. The 
third and final volume, still to appear, 
will be devoted to quantum mechanics. 
With a select group of students and 
with able teachers such as Feynman, the 
lectures promise to serve as the basis 
for a remarkably successful introduction 
to physics. As a highly original ref- 
erence, the lectures should also help 
the less gifted instructor to lift his 
course out of the stultifying quagmire 
which so often threatens it. Neverthe- 
less, the lectures probably will not re- 
place the several comprehensive and 
rather up-to-date texts already 
available.-—Dawid E. Yount 


Lattice Theories of the Liquid State by 
J. A. BARKER; 133 pages; $8.50; 
The Macmillan Co., Pergamon 1963. 


The liquid state is a great frustration 
to the theoretician who wants to under- 
stand macroscopic properties in terms of 
the mechanics of the constituent mole- 
cules. The use of statistical mechanics 
to determine even the relatively simple 
equilibrium properties of liquids has 
proved difficult and unsatisfying. These 
difficulties are of course much greater 
for the transport properties. Even the 
logical necessity of the solid-liquid or 
liquid-vapor phase transitions has yet to 
be. demonstrated by convincing statisti- 
cal mechanical argumenis. 

This short book presents a thorough 
and lucid survey of the so-called 
“lattice” theories of the liquid state at 
equilibrium, one of the two broad 
classes of theoretical approaches to the 


problem of liquids. As opposed to the 
“distribution function” theories, lattice 
theories start from an approximate 
description of the molecular lattice in 
the liquid and derive the bulk properties 
to be expected therefrom. Distribution 
function theories, on the other hand, 
emphasize the process by which the 
liquid structure is determined by the 
intermolecular forces. Lattice theories 
may be viewed as an approach to the 
liquid by way of the solid, while distribu- 
tion function theories approach the 
liquid by way of the gas. 

The list of chapter headings gives the 
particular lattice theories described in 
this book: “Monte Carlo” and molec- 
ular dynamics methods, simple lattice 
theories, the Lennard-Jones and Devon- 
shire theory, variational theory and the 
cell model, a detailed cell theory, cell 
cluster theory, hole theory, tunnel 
theory, the radial distribution function, 
and quantum effects. The salient 
features of each theory are given, along 
with a list of major references and an 
informal critique. The author is well 
qualified for the job, since he has contrib- 
uted to many of the theories himself. 
No theory of the liquid state may now 
be said to be satisfactory. This field 
offers a great opportunity. 

Anyone planning to read research 
articles or do research in this field is well 
advised to study this book first. Much 
time and effort would be saved thereby. 
The general reader with a background in 
elementary equilibrium statistical me- 
chanics could profitably read this book 
to increase his physical understanding 
of the liquid state—Frank C. Andrews 


Keys to The Trematodes of Animals and 
Man by K. I. SKRJABIN, et al; 
English translation edited by H. P. 
Aral, translated by R. W. DooLEY; 
351 pages, 919 figs.; $10; University 
of Illinois Press, 1964. 


In 1947 Academician Skrjabin and 
associates began publishing The Trem- 
atodes of Animals and Man, a com- 
pendium of the world’s literature on 
systematic trematodology. Though 
printed in Russian and not easily ob- 
tained, this set (now 21 volumes, over 





NEW 2nd Edition 


An Introduction to 


THE FINE STRUCTURE 
OF CELLS AND TISSUES 


By KEITH R. PORTER, Ph.D., Harvard 
University, Cambridge; and 
MARY A. BONNEVILLE, Ph.D., Brown 


University, Providence, Rhode Island 
68 loose-leaf sheets, 842" X L", punched to 


fit standard size notebooks. 32 full-page electron 
microscopic illustrations and 5 text figures, all 
with accompanying legends. Loose-leaf edition 
$4.50. Clothbound edition, $7.50, 
NEW (2nd) 1964 EDITION. This 8144” X 11° 
portfolio of full-page electron micrographs and 
accompanying legends has been completely 
revised. Several illustrations of the first edition 
have been replaced, and more are drawn from 
human tissues to satisfy student interest in such 
material. 7 additional illustrations cover such 
important cell and tissue types as bone, ovary, 
gastric mucosa and spleen. Five line and three- 
dimensional text figures, depicting structural 
relationships, supplement discussions of cell 
organelles, the plasma cell, skeletal muscle and 
the sarcoplasmic reticulum, the myoneural 
junction, and the olfactory epithelium. One 
illustration, increased in magnification and reso- 
lution, depicts relationships of cell types one 
to the other and to intercellular components, 
thereby correlating knowledge gained from light 
and electron microscopy. 
Gladly Sent to Teachers on Approval 
[EA & FEBIGER Washington Square 
Philadelphia, Pa. 19106 
Please send, on 30-days approval, a copy of 
PORTER & BONNEVILLE-—2nd Edition 


[C] Student loose-leaf edition $4.50 
C] Cloth-bound edition $7.50 
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REVISED! 
ENLARGED! 
UP-DATED! 


2066 
Phase 
Equilib- 
rium 
Diagrams 


(1000 NEW, 
1066 Revised | 
or Repeated) 


This new 601-page volume divides the 
diagrams into seven following sections: 
Metal-oxygen systems 
Metal oxide systems 
Systems with oxygen- 
containing radicals 
Systems containing halides 
Systems containing halides 
with other substances 
Systems containing cyanides, 
sulfides, etc. 
Systems containing water 


The introductory section contains a 
discussion of phase rule, interpretation 
of phase rule diagrams, experimental 
methods, a glossary, and a selected 
bibliography. Two appendices: (a) 
Melting Points of Metal Oxides and 
(b) Molecular Weights of Oxides have 
been added. 


PHASE DIAGRAMS FOR CERAMISTS 
by Ernest M. Levin, Carl R. Robbins, 
and Howard F. McMurdie 
Compiled at The National Bureau of 
Standards. 

Margie K. Reser, Editor, 1964 Edition, 
Published by The American Ceramic 
Society, Inc. 

The book, bound in blue buckram, has 
an 81,” X 1144” page size and is 
available at $18 per copy, special price 
to Society Members $12, and to 
students $8. Add $1 for each copy 
to be mailed outside the U.S.A. Send 

order, with check or money order, to: 


THE AMERICAN 
CERAMIC 
SOCIETY, INC. 


4055 N, High St. & 
Columbis, Ohio 43214 
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14,500 pages) is a major reference. 
Each taxon is defined, almost every 
species is figured, some new concepts 
are introduced, and useful keys are 
provided. 


Designed to be used in conjunction 
with the Russian set, the 20 chapters of 
the Keys correspond to volumes and 
keys are in sequence. I selected five 
volumes for scrutiny. The keys are 
accurately translated and carefully 
edited, yet offer only clues—not 
explanations—to why the Russians 
introduced changes and new taxa. 
Some typographical errors are per- 
petuated from the original, though a 
number were corrected; occasionally 
errors are introduced. Adenogaster 
Looss, 1901 (fig. 867) is omitted from the 
Pronocephalinae key (page 83); a note 
at the end of the same key is im- 
complete. A note following the Macra- 
vestibulum key (page 85) is omitted al- 
together. Whitfield’s method of trans- 
literation differs somewhat from the 
Russian method, and Dooley’s strict 
adherence to Whitfield often results in 
two spellings for the same name: 
Issaitschikoff and Isaychikov, Erschoff 
and Ershov, Orloff and Orlov, ete. 


The Keys offers a bargain collection 
of figures of typical species. Arranged 
six per page, they are reproduced well, 
though a few, especially schistosomes, 
suffer from reduction. Figures 245 and 
911 are upside down. Detail drawings 
are rare. 


The index, designed for the Keys, is 
useful but incomplete for the original 
set because the latter has never been 
indexed. It could be even more useful 
if species were listed independently 
rather than under genera, and if figures 
were included—preferably cross-indexed 
by genus and species. 

Criticism notwithstanding, English- 
reading workers who have spent 
laborious hours translating Cyrillic—and 
those who haven’t tried!—will welcome 
the Keys. One must agree with Editor 
Arai that a complete translation is 
desirable. In the meantime, the Keys 
serves as an introduction and a valuable 
“next best thing.” —Mary Hanson 
Pritchard 


Interpretation of Mass Spectra of Organic 
Compounds by H. Bupzixrewrcz, 
et al.; 271 pages; $8.75; Holden-Day, 
Ine., 1964. 


It is only recently that the potential- 
ities of the mass spectrometer for 
structure determination have been 
widely recognized by organic chemists. 

The classical method for the 
identification of an organic molecule 
consists of two steps. First, the 
various functional groups present are 
identified; secondly, the skeleton of the 
molecule is systematically degraded to 
simpler units and these are similarly 
characterized. This approach may take 
a considerable time, and require a 
sample of at least a few tenths of a 
gram. The mass spectrometer, when 
applied to this problem, carries out 
almost identical processes, but in an 
extremely rapid and clean fashion, while 
the amount of sample needed may be as 
little as or even less than one microgram. 
Because of this similarity, the mass 
spectrometric approach is readily ap- 
preciated by organic chemists. 

The present book comes from an 
organic laboratory where extensive use 
has been made of mass spectrometric 
techniques. The theme of the book is 
that fragmentation in the mass spec- 
trometer proceeds by mechanisms and 
intermediates which are governed by 
the functional groups present in a very 
similar way to ordinary organic 
reactions. The book comprises eleven 
chapters, each devoted to one functional 
group or structural feature. Typical 
chapters cover the carbonyl com- 
pounds, the alcohols, the ethers, the 
amines and amides, the cyclic amines, 
the cyanides, the alkyl halides, the 
bicyclic ketones, aromatic hydrocar- 
bons, tropones and aromatic hetero- 
cyclies. Each is dealt with at length, 
and the discussion is conducted through- 
out in terms already familiar to the 
organic chemist. 

Insufficient mention is perhaps made 
of the situation where there are several 
functional groups competing to deter- 
mine the over-all cracking pattern of a 
given molecule, but this is not a very 
serious criticism in the present state of 
the art. The book does not give any 
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Announcing 
the first volume 
ina new and 
definitive work 


Humidity and Moisture 
MEASUREMENT AND CONTROL 
IN SCIENCE AND INDUSTRY 


Editor in Chief, ARNOLD WEXLER, 
National Bureau of Standards 


The specific purpose and scope of this 
work is to present the latest information on 
all aspects of the measurement and control 
of humidity and moisture in science and 
industry. The book brings together, com- 
prehensively and authoritatively, impor- 
tant and essential information vital to the 
successful measurement and control of 
humidity and moisture. It treats both the 
humidity of gases and the moisture con- 
tent of materials. Its publication is spon- 
spored jointly by the National Bureau of 
Standards, the U. S. Weather Bureau, the 
Instrument Society of America, the 
American Meteorological Society, and the 
American Society of Heating, Refriger- 
ating, and Air-Conditioning Engineers. 
Volume I: Principles and Methods of 
Measuring Humidity in Gases, 

Edited by Robert E. Ruskin, Naval Re- 
search Laboratory 

January 1965 704 pages $30.00 


TO BE ANNOUNCED 
Volume II: Applications 
Volume III; Fundamentals and Standards 


Volume IV: Principles and Methods of 
Measuring Moisture in Liquids and Solids 
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details of techniques, nor is there any 
technical information regarding mass 
spectrometers. 

The book is adequately referenced, 
well-produced, and will be found 
extremely useful in any laboratory 
where mass spectrometry is applied to 
organic analysis. Perhaps more 
importantly, it is an excellent introduc- 
tion for the organic chemist who wishes 
to know how mass spectrometery can be 
applied in his own work, or who wishes 
to be able to assess the many publica- 
tions describing such applications which 
are now appearing.—J ames D. Morrison 


Temporal Organization in Cells. A 
Dynamic Theory of Cellular Control 
Processes by B. C. Goopwiy; 163 
pages; $6.50; Academic Press, 
London, 1963. 


When students of cellular regulatory 
mechanisms gather, they are likely to 
write simple differential equations to 
describe the systems they are studying, 
in the hope of distinguishing between 
different models on a kinetic basis. 
This is usually done casually, and always 
with an eye on experimental tests of the 
models. In this book Brian Goodwin 
has developed a set of equations for 
some specific regulatory mechanisms in 
a way that is far from casual, and it will 
not be easy to test his theory experi- 
mentally. His intention is to develop 
a fundamental physical theory that will 
serve cell biology as well as mechanics 
and thermodynamics serve physics and 
chemistry; it is hard to say how well he 
succeeds. 

Goodwin distinguishes between 
“weak” and “strong?” coupling in 
cellular control mechanisms. The 
former involves simple competition, 
etc.; the latter involves specific regula- 
tory circuits of the well-known Jacob- 
Moned type. Sets of differential equa- 
tions are developed in considerable 
detail for a few of the simplest circuits. 
In some cases, it can be shown that the 
concentrations of certain components 
will vary with a periodic wave-form, in 
accordance with recent experiments 
that indicate that biological rhythms 
may arise directly from the regulatory 
mechanisms of protein synthesis. 


Most of the book is a development of 
a truly unique approach to the problems 
of control. Recognizing the limitations 
of the more deterministic approach, 
Goodwin presents the beginnings of a 
statistical theory. On analogy with the 
well-known thermodynamic functions, 
he defines “‘talandic” functions (Greek, 
talantosis = oscillation) that have 
some of the characteristics of a tempera- 
ture, a free energy, and so on. These 
variables can then be used to char- 
acterize the state of the cell. The theory 
is expanded and applied to some known 
systems, particularly those that exhibit 
periodic rhythms. 

Goodwins’s theory cannot really be 
evaluated properly yet. First, he has 
only made a beginning, though a very 
Impressive one. Second, the theory 
must await many experimental tests— 
not so much to evaluate its truth as its 
usefulness. The classical variables of 
physics, and especially thermodynamics, 
are useful largely because, once under- 
stood, they give us a strong, intuitive 
feeling for the behavior of certain 
physical systems. Whether Goodwin’s 
concepts give us this same insight into 
biological systems is yet to be seen. 
I do not mean to damn him with faint 
praise; this is a unique and exciting 
approach to some important problems, 
and it may well be a major breakthrough 
in biological theory. But Goodwin 
himself is the first to admit its present 
limitations —Burton 8. Guttman 


The Making of the Electrical Age, from 
the Telegraph to Automation by 
Harortp I. SHARLIN; 248 pages; 
$5.95; Abelard-Schuman Limited, 
1963. 


This book, written “for the scientist 
and the laymen,” tells the story of the 
development of electrical communica- 
tions (the telegraph, telephone, and 
radio) and electrical power (the gener- 
ator, motor, and central power station). 
It closes with a few brief pages on the 
computer and automation. 

Both European and American 
developments are described, and the 
entrepreneur is given, quite properly, 
almost as much attention as the scientist 
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and engineer. We learn that the first 
practical generator was built to provide 
power for, curiously enough, electro- 
typing and electroplating. Later came 
the carbon are lamp and the electric 
motor. The first motors drove electric 
street cars, and the first of these in the 
United States ran through the streets of 
Richmond, Virginia in 1888. 

The main fault of this book is that 
the makers of the electrical age do not 
live as people. They enter these pages, 
at their appointed time in history, to 
connect this particular wire in this 
particular way in this particular circuit, 
or to furnish some large sum of money, 
usually someone else’s, to the further- 
ance of some project with a dubious 
future, and then depart, like so many 
faceless robots. In the section on radio, 
Marconi arises like a wraith out of 
Italy and is soon dominating the inter- 
national scene. One wonders what 
kind of a man he was and what back- 
ground he came from. The same is 
true of Cyrus Field, the American 
financier, who pushed the great enter- 
prise of the first laying of a telegraph 
cable across the Atlantic to a successful 
completion. 

A less important defect is the omission 
of any comment on the crucial role 
played by magnetic materials. Without 
the flux-multiplying power of iron the 
electric generator and motor would be 
nothing but s¢ientific toys. It is indeed 
a most remarkable fact of history that, 
when Faraday and Henry and their 
followers needed this power, they found 
it right at hand in iron, so cheap, so 
common, and which later work has 
shown to be the best element for this 
purpose in the whole periodie table.— 
B. D. Cullity. 


Keoeeit—The Story of the Aurora Bore- 
alis by WILLIAM PETRIE; 134 pages; 
$5; Macmillan Company, Pergamon, 
1963. 


This is a delightful story of the aurora 
borealis which is one of the most spec- 
tacular and fascinating wonders of 
nature. The book starts with an excel- 
lenf poetic chapter where the reader 
will find an Eskimo story about the 
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great light of “keoeeit.” The author 
deseribes the various technical efforts 
to explore the aurora and other upper 
atmospheric phenomena, such as all-sky 
cameras, auroral radars, balloons, roek- 
ets, and satellites, 

Three chapters are devoted to de- 
scribing various aspects of the aurora, 
such as their forms and variations in 
space and time. The descriptions are 
accompanied by a large number of 
photographs and paintings and other 
illustrative diagrams. 

Then, one chapter is devoted to the 
analysis of “light” from the aurora, or 
the auroral spectroscopy, in which the 
author himself is one of the leading 
authorities. The subsequent chapter is 
a popular account of the aurora-asso- 
ciated phenomena, such as “hiss,” radio 
wave absorption, and geomagnetic 
storms. 

In the last chapter, the author at- 
tempts to cover complicated solar- 
terrestrial relationships leading to the 
cause of the aurora and geomagnetic 
storms. In it, solar radio waves, solar 
wind, solar cosmic rays, and the Van 
Allen radiation belts are well described. 
It is an extremely difficult task for any 
person to describe interactions between 
solar gas and the earth’s magnetic field 
in a comprehensive way. In fact, it is 
still a highly controversial matter among 
workers in this field. 

Doubtless, the book will serve as an 
excellent and popular introductory book 
to the readers who are interested in not 
only the aurora itself, but also some of 
the various efforts toward space ex- 
ploration.—S. I. Akasofu 


The Measure of the Moon by RALPH B. 
BALDWIN; 488 pages; $13.50; The 
University of Chicago Press, 1963. 


In the author’s words this book forms 
a sequel to, not simply a revision of, his 
1949 work The Face of the Moon. Bald- 
win very clearly states in the introduc- 
tion that a meteoritic origin for the 
great majority of craters and the large 
circular maria is accepted as correct and 
that the book will contain no attempt to 
prove or disprove this idea. 

The book is basically divisible into 
four sections containing several chapters 


each, although the author does not draw 
attention to this subdivision. The first 
section discusses meteoritic structures 
on earth and forms a worthwhile intro- 
duction to the moon’s surface, as well as 
a valuable summary of investigations 
and information on the known and 
probable terrestrial metcoritic craters 
and eryptovoleanic structures. The 
second section is concerned entirely 
with craters and discusses the char- 
acteristics of explosion craters, ter- 
restrial meteoritic craters, and lunar 
craters; the relationships between ap- 
parent diameter, true diameter, rim 
height, rim width, apparent depth, true 
depth, depth of explosion, depth of 
brecciation, and the possible changes in 
these parameters with age; and the de- 
termination of energies needed to 
produce meteoritic craters. The third 
section deals with observations on the 
moon’s motion and shape and the deter- 
mination of the nature of lunar-surface 
materials by reflected light and the use 
of heat measurements at infrared and 
radio frequencies. The fourth section 
attempts to summarize the ideas of 
various workers, including those of the 
author, on the origin and development 
of a variety of pertinent lunar features. 
A separate chapter is devoted to each 
of the topics which include tektites; 
theories of moon history; maria; lava 
flows; lunar atmosphere; rays; craters 
with central peaks; rilles, wrinkles, and 
faults; lunar grid system; domes; heat 
balance; magnetic field; and recent 
changes on the moon. An initial chapter 
outlining the problems of lunar history 
and a final summation chapter complete 
the text of the book. Appendices include 
derivations of the relationship between 
the distance of the moon and geologic 
time, and the lunar tidal bulge as a 
function of the moon’s distance. A set of 
tables forms ‘the bulk of the appendix 
and gives detailed data of craters on 
both the earth and moon, as well as 
those produced by chemical and nuclear 
explosions. 

Baldwin brings to this book a long- 
continuing personal background of ex- 
perience in lunar problems, and the de- 
tailed and abundant references to the 
literature reflect this background. Un- 
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fortunately, these references and sum- 
maries of past work are often given in a 
rapid sequence with but little summary 
or aids along the way to assist the reader 
in assimilating the information, or in 
obtaining a comprehensive view of the 
significance of the studies described. 
The chronological listing of investiga- 


tions occasionally makes it difficult to , 


follow Baldwin’s line of reasoning. Pre- 
senting older or incorrect data first, 
before the significance of the measure- 
ments are made Rnown, is confusing to 
the new reader. 

Common throughout the book are 
anthropomorphic or folksy expressions. 
Occasionally, these expressions are in- 
teresting, but usually they suggest that 
the author is uncertain of the real nature 
or cause of what he is describing. 
Several astronomical terms or abbrevia- 
tions are used in the text without defini- 
tion. —Carl Bowin 


Water Metabolism in Plants by T. T. 
KOZLOWSKI; 227 pages; $3.95 paper; 
Harper & Row 1964. 


This volume is another contribution 
to the paperback series of biological 
monographs being published under the 
editorship of Professor Allan H. Brown. 
To a degree its title belies its contents, 
since as much emphasis appears to be 
placed on physical features of plant 
water relationes as on metabolic aspects. 
Even so, the book performs the useful 
function of providing an up-to-date 
presentation of much of the recent litera- 
ture on plant water relations. 

The main subject matter divisions in- 
clude sections on xerophytism and the 
plant water balance, water relations of 
plant cells and tissues, absorption of 
water, water transport, loss of water, 
and the effects of water deficits on 
plants. Most sections are, unfortunately, 
treated rather superficially, due in part 
to the wide range of subject matter 
covered. However, the author has 
presented more detailed discussions of 
conflicting viewpoints concerned with 
such phenomena as nonosmotic water 
movement, ascent of sap, and the role 
of “transpiration in ion, uptake, and 
these discussions add substantially to 
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the book’s value. One shortcoming, 
which it is thought will be felt by many 
readers, is the absence of expression of 
the author’s own views on these various 
controversial issues. One has the feeling 
that in an effort to be impartial the 
author has sometimes brought out 
various viewpoints without indicating 
to the reader the one which he considers 
most applicable. 

It is thought that the book will find 
its largest audience among those plant 
and soil scientists not strongly trained 
in plant physiology who wish to obtain 
background information on plant-water 
relations. Among this audience will 
probably be students in forestry, horti- 
culture, and related areas who have 
already completed a general botany 
course and wish to extend their knowl- 
edge into this more specialized area, — 
R. O. Slatyer 


The Rhinencephalon & Related Struc- 
iures: Progress in Brain Research, 
Vol. III, edited by W. BARGMANN & 
J. P. Scuapt; 252 pages; $12.75; 
American Elsevier Publishing Co., 
1963. 


This volume contains a series of 
lectures delivered during a symposium 
on the rhinencephalon which was held 
at the Third International Meeting of 
Neurobiologists, during September 
26-29, 1962. 

There are fourteen lectures on various 
topics, all of which are in English ex- 
cept two, and these have English sum- 
maries. There is also another chapter 
which is a general discussion of the con- 
fusion created by the term ‘“vhinen- 
cephalon.” 

Three of the lectures deal with the 
amygdala and three with the hippo- 
campus. Most of the others deal with 
the more strictly olfactory parts of the 
brain. The emphasis throughout the 
volume is on anatomy. 

One chapter presents the anatomical 
evidence for three major projection 
fields of the amygdala, including the 
more recent evidence for amygdaloid 
connections with the dorso-medial nu- 
cleus of the thalamus. Also discussed are 
microelectrode recording studies of 
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amygdaloid cells and evidence for con- 
nections between the amygdala and the 
central sympathetic areas. 

The lectures on the hippocampus in- 
clude a proposed common embryological 
origin for the hippocampus and the 
amygdala, a quantitative histological 
analysis of some parameters in uncinate 
area of the human hippocampus, and 
an electron microscope study of hippo- 
campal cells, 

There are also lectures on the capillary 
density in the olfactory lobes in the 
brain, the gross anatomy of the rhinen- 
cephalon and related areas in ungulates, 
and afferent and efferent connections of 
the rhinencephalon.—W. R. Klemm 


Eugenics: Hereditarian Attitudes in 
American Thought by Mark H. 
HALLER; 264 pages; $6; Rutgers Uni- 
versity Press, 1963. 


This comprehensive account of the 
origin and often sharply conflicting cur- 
rents of the eugenics movement, chiefly 
in Britain and America, is scholarly, 
informative, and highly readable. Some 
geneticists, aware of the misunderstand- 
ing of the human implications of their 
subject prevalent among many special- 
ists in social sciences and humanities, 
will be surprised that Haller, a historian, 
should have a grasp of the field so 
penetrating, well rounded, and —from 
the standpoint of modern genetic knowl- 
edge —sound and fair. 

It is instructive to read how the high 
hopes of the early eugenists, many of 
whom were social radicals, such as Shaw, 
Sidney Webb, Havelock Ellis, Noyes, 
David Starr Jordan, and J. McKeen 
Cattell, foundered as the idea of human 
genetic betterment was increasingly 
taken over by social reactionaries. These 
wishful thinkers and egotists not only 
over-simplified heredity and minimized 
environmental effects, they identified 
eugenics with the increased multiplica- 
tion of their own ethnic or social group, 
and with the reproductive suppression of 
groups having less prestige. Their 
“eugenics,” by paving the way for the 
atrocities of the Nazis, suffered the 
same deserved fate as Nazism in general, 
but it also dragged with it into obloquy 
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more reasonable views of eugenics. Yet, 
as Haller shows, even in the early days 
of the movement, the seeds for the later 
perversions had been sown in Galton’s 
and some other eugenists’ gross under- 
estimation of the force and subtlety of 
cultural influences. 

In concluding, Haller deals with the 
more balanced view of human progress, 
embracing both genetic and social ad- 
vances, that is at last gaining ground 
among genetically educated persons. In 
my opinion, Haller at this pomt some- 
what over-rates the possibilities of de- 
liberately altering the DNA, but under- 
rates those latent in presently attainable 
techniques of germinal choice. However, 
an adequate discussion of this matter 
would require another book. —Hermann 
J. Muller 


Generic Names of Orchids by RICHARD 
E. Scuuures & ARTHUR S. PEASE; 
331 pages; $12; Academic Press, 1964. 


This is a very welcome work for it 
fills a long existing need. The family 
Orchidaceae is, no doubt, the largest, 
most diverse, and widespread of all 
plant families. The number of its genera 
has been estimated as being up to 800 
and the species may number up to 
35,000. The names of orchids are no less 
diverse than the plants themselves. 
They range from the whimsical Aa to 
the highly descriptive Zygostates. In 
most instances the origins and meanings 
of these names are difficult if not impos- 
sible to trace. The existence of bigeneric 
hybrids with names which are also often 
“hybrids” only adds further complica- 
tions. 

In this book Schultes and Pease have 
traced the origins and meaning of 
orchid names and outlined the informa- 
tion in an admirable manner. Greek and 
Latin origins of various names are al- 
wavs presented in their original forms 
and accompanied by English transla- 
tions. In the case of names which com- 
memorate a person, a thumbnail sketch 
of the person in question is always 
given, 

The quality of this work is further 
enhanced by good, concise chapters on 
the rules and nature of botanical nomen- 
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clature, orchid morphology, and orchids 
and economic botany. A listing of all 
subfamilies, tribes, and subtribes of the 
Orchidaceae and a key to their geo- 
graphic distribution are also given and 
each genus in the text is properly identi- 
fied as to its geography and taxonomy. 
Numerous excellent drawings of orchids 
illustrating their morphological pecu- 
liarities and photographs of well known 
orchidists of the past are also included. 
The book therefore offers a wealth of in- 
formation in a concise and easy-to-use 
form. 

A list of names of bigeneric and multi- 
generic hybrids concludes the book. The 
origin of most of these names is self 
evident, since, like the plants themselves 
they are “hybrids” of existing names. 
In a few instances, however, bi- or 
multi-generic hybrids have names of dif- 
ferent origins. Unfortunately, these are 
not given in detail. The authors have 
chosen not to indicate which generic 
names are considered valid at the pres- 
ent. This seems to be unfortunate, since 
such a listing may have made this book 
into the much needed standard reference 
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work on the nomenclature of orchid 
genera. 

As a whole Generic Names of Orchids 
can be highly recommended as an ex- 
cellent work which would no doubt be of 
considerable value not only to orchidists 
but to all who have an interest in the 
derivations of plant names.—Joseph 
Arditti 


Quantum Theory of Solids by C. KITTEL; 
435 pages; $13.50; John Wiley & Sons, 
1963. 


Kittel has valiantly attempted an 
essentially impossible task: to treat in 
one volume the quantum theory of solids 
in an advanced and detailed fashion, yet 
in a form suitable as a graduate text for 
“theoretical physicists generally and 
those experimental solid state physicists 
who have had a one year course in 
quantum mechanics.” The result is a 
book so concentrated that the average 
page contains as many lines of equations 
as of text. The reviewer does not believe 
that a reader can follow any chapter 
unless he is already familiar with most of 
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the material in it. The Mathematical 
Introduction, for instance, could be 
understood only by one knowing thor- 
oughly the time-dependent perturbation 
theory in the form now being used in 
field theory. Yet the student who wishes 
to read enough other literature to gain 
the necessary background will be con- 
tinually frustrated by the shortage of 
references, a policy which the author 
specifically defends. 

The broad and stimulating coverage 
is indicated bè chapter headings: 
Acoustic Phonons; Plasmons, Optical 
Phonons, and Polarization Waves; Mag- 
nons; Fermion Fields and the Hartree- 
Fock Approximation; Many-Body 
Techniques and the Electron Gas; 
Polarons and the Electron-Phonon In- 
teraction; Superconductivity; Bloch 
Functions; Brillouin Zones and Crystal 
Symmetry; Dynamics of Electrons in a 
Magnetic Field; de Haas-van Alphen 
Effect and Cyclotron Resonance; Mag- 
netoresistance; Calculation of Energy 
Bands and Fermi Surfaces; Semicon- 
ductor Crystals: Energy Bands, Cyclo- 
tron Resonance, and Impurity States, 
Optical Absorption and Excitons; Elec- 
trodynamics of Metals; Acoustic At- 
tenuation in Metals; Theory of Alloys; 
Correlation Functions and Neutron Dif- 
fraction by Crystals; Recoilless Emis- 
sion; Green’s Functions—Application 
to Solid State Physics. 

In spite of its unsuitability as a text 
for students on the level for which it is 
intended, this is a monumental work 
which will be of great value to workers of 
greater advancement and _ sophistica- 
tion.—J. C. Slater 


Selected Values of Thermodynamic Prop- 
erties of Metals & Alloys by R. 
HULTGREN, et al.; 963 pages; $12.50; 
John Wiley & Sons, 1963. 


This collection of metal and alloy 
information must take its place beside 
Hansen’s Constitution of Binary Alloys 
and Pearson’s Handbook of Lattice 
Spacings as being among the most im- 
portant reference works available. A 
measure of its importance is given by the 
faet that the major support was pro- 
vided by the U.S. Atomic Energy Com- 
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mission with added grants coming from 
ten industrial organizations. 

The aim of the authors was to eval- 
uate and present the most reliable 
thermodynamic data available for ele- 
ments (67) and binary alloy systems 
(180).,This is no easy matter because of 
the great variety of methods and the dif- 
ficulty in obtaining accuracy; the au- 
thors have found vapor pressure meas- 
urements which disagree by a factor of 
a hundred or more! “Evaluations of the 
validity of experimental data have been 
accomplished mainly by testing for self- 
consistency, consistency with known 
thermodynamic relationships, consist- 
ency with the phase diagram, and 
agreement with other measurements.” 
It is a difficult matter for the scientist or 
engineer to assess the data reliability on 
his own. Commensurate with this dif- 
ficulty is the importance of good thermo- 
dynamic data to science and technology. 
This book, under way since 1955, is a 
carefully drawn survey. There are com- 
prehensive data for the elements: 
electronic specific heat, heat capacity 
over a wide temperature range, vapor 
pressure, enthalpy, entropy, free energy, 
and references. For the binary systems, 
the data are usually less extensive but 
there are also partial thermodynamic 
quantities and data on composition 
dependence. Each element or alloy sys- 
tem is introduced with a brief discussion 
and the data are provided in the form of 
tables of standard thermodynamic quan- 
tities. 

The authors have succeeded in 
creating a useful, clearly written, and 
intelligently presented reference work. 
The relatively low price is presumably 
due to the subsidization of the project 
and to the off-set printing, the latter 
not detracting from the end product.— 
Leonard Muldawer 


Electromagnetic Theory for Engineering 
Applications by W. L. WEEKS; 744 
pages; $18; John Wiley & Sons, 1964. 


It is a pleasure to recommend this 
book. In the first place, it fills a definite 
need. In recent years, we have had two 
outstanding graduate texts in electro- 
magnetic theory (by Danofsky and 
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Phillips and by Jackson) but these have 
been aimed at students interested in the 
behavior of fundamental particles, and 
are heavy in topics such as special rela- 


tivity and radiation from accelerating 


charges. The present book concentrates 
on transmission lines, waveguides, and 
antennas, living up to the promise 
implicit in the title. Secondly, this book 
is well-written and nicely organized, so 
that it can be used for courses of various 
length or for self-study. The style is, in 
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jacket accurately describes one of the 
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introduction to the use of the Green’s 
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yet appeared in any text. 

The author assumes at the beginning 
that the student is familiar with Max- 
well’s equations and with mathematics 
at the advanced calculus level. Since 
these topics are normally covered by the 
end of the junior year in most electrical 
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engineering schools, this book would 
even be suitable for a final year text in 
antenna and wave-guide theory. The 
first chapter reviews the prerequisite 
material, discussing the operational 
definitions of the field quantities and 
their representation by complex quan- 
tities. This survey should also help the 
student obtain a more unified picture of 
the topics which tend to get jammed into 
the introductory engineering courses. 
The second chapter discusses the trans- 
mission line equations, and compares the 
three types of solutions: conventional, 
Green’s function, and integral trans- 
form. Chapter III covers rectangular 
wave guides in great detail, and some 
related problems. Chapter IV intro- 
duces Huygens’ Principle and this is ap- 
plied to a discussion of complementarity 
in later chapters. The coverage of prob- 
lems in spherical and cylindrical co- 
ordinates is quite extensive, and partly 
accounts for the length of the book. An 
interesting application, which so far has 
been covered only in the literaturg, is 
an elementary description of the log 
periodic antenna. l 
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This book may also be regarded as an 
introduction to ‘Field Theory of Guided 
Waves,” by R. E. Collin, with which it 
heavily overlaps. However, Weeks’ book 
is written with the problems of the 
student given every consideration; yet 
it is not simply a primer of classical 
ideas, since there is ample contact with 
the original literature and a number of 
references to problems which are either 
dificult or impossible to solve.—Allen 


Nussbaum z 


Ancient & Medieval Science: From the 
Beginnings to 1450, edited by RENÉ 
Taron, translated by A. J. POMBRANS; 
552 pages; $17.50; Basic Books Ince., 
1963. Vol. 1, A History of Science. 


This survey of the early history of 
science is the first of a four-volume series 
to be translated into English. It is un- 
doubtedly the best general history of 
science in any language. The present 
volume, the work of twenty-one spe- 
cialists, begins with the Egyptians and 
their ‘“cook-book” approach to science 
(collections of recipes to be memorized 
rather than principles), and moves on to 
Mesopotamia, where arithmetic and 
astronomy were developed more sys- 
tematically. Both cultures were pre- 
scientific in the sense that scientific in- 
formation was considered merely a 
practical tool. True explanation was the 
domain of réligious mythology. The 
treatment of Greek, Alexandrian, and 
Roman science concentrates on mathe- 
matics, physics, astronomy, and medi- 
cine. Compared with Sarton’s final two- 
volume survey of the same period, the 
present treatment is briefer, more ob- 
jective, especially in the treatment of 
Plato, and less given to biographical and 
anecdotal details. However, an un- 
fortunate interchange of ‘deductive’ 
and ‘inductive’ confuses the evaluation 
of Plato and Aristotle (p. 229). 

Since the present work aspires to 
completeness, every culture which made 
any contribution to science is con- 
sidered: ancient India and China; pre- 
Columbian America; medieval develop- 
ments among the Arabs, Indians, and 
Europeans. The emphasis is invariably 
on an accurate presentation of the 
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factual achievements of science while 
critical reflection is curtailed. Philos- 
ophy and religion are considered only 
inasmuch as they contributed to the 
growth of scientific thought, but side 
issues such as ancient philosophical re- 
flection on the nature of scientific 
thought or the noetic influence of par- 
ticular cultural factors are generally 
omitted. The translation reads well and 
seems quite accurate, except that the 
name, “Dijksterhuis” is repeatedly 
spelled with a “K” rather than a “D” 
(pp. 370, 532) in the brief bibliographical 
appendices to the various sections.— 
Edward M. MacKinnon 


The Nature of the Natural Sciences by 
Leonardo K. Nasu; 406 pages; 
$7.50; Little, Brown & Co., 1963. 


There is a spectrum of writings in 
philosophy of science ranging from 
formal constructions (frequently by 
mathematical logicians) to general re- 
marks on what actually goes on in 
science (usually by practising scientists). 
This book is a good example of the 
latter. Contributions of this sort have, 
I think, real value, particularly for those 
professional philosophers least in contact 
with science. 

Moreover, these contributions may 
provide raw-material for work in heu- 
ristics, that most important subject 
in the philosophy of science, cautiously 
ignored by the more formal writers in 
recent times. 

Not that the author of the present 
book has much sympathy with any 
attempt at arriving at an explicit 
heuristic method. Professor Nash shares 
the contemporary suspicion of methodo- 
logical straight-jackets, and is rightly 
impressed by the diversity of lines along 
which science progresses. 

There is a good discussion of “old age” 
in the life cycle of a scientific theory, 
and a welcome emphasis on the im- 
portance of the correspondence principle 
in the transition to a new theory. 

I think it would be desirable to 
distinguish more clearly between the use 
of the term “model” in the sense of in- 
terpretation (“dictionary”) by way of 
an (operational) anchoring of the theory 
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in experiment, and its use in the sense of 
mechanism, postulated for the sake of 
explanation, going beyond the strict 
requirements of the theory. 

Minor flaws in illustrative examples 
include an implied misconception of the 
mass-energy relationship (p. 185), and 
the ill-advised application of the term 
“ad-hoc” to Mendeleev’s postulation of 
elements to fill the gaps in his scheme. 

None of the problems in philosophy of 
science mentioned in this book are dis- 
cussed in great depth. But there is an 
attempt at presenting science in the 
round, including its sociological aspect. 

The greatest value of the book lies in 
the abundance of apt quotations from 
scientists and philosophers of science. — 
H. A. Post 


The Future of the Research Library by 
Verner W. CLAPP; 114 pages; $4.50; 
University of Illinois Press, 1964. 


Mr. Clapp’s book is an extended ex- 
planation of the purpose, work, and 





goals of the Council on. Library Re- 
sources of which he is the president. He 
says (quoting from the foreword), ‘it 
tries to identify the problems which now 
present obstacles to efficient library 
service and to find methods for over- 
coming these impediments through new 
procedures and the application of tech- 
nological developments.” 

The huge and increasing volume of in- 
formation each research library must 
have or be able to make available for its 
users can never be solved completely. 
However, ready access to as much mate- 
rial as possible, local and national (even 
international) sharing of materials with 
possible allocation of responsibilities of 
acquisition and clarification in specific 
disciplmes, and continuing drive of re- 
search and experimentation of small as 
well as large specialized libraries is the 
way toward meeting the challenge of the 
future research libraries,” 

Mr. Clapp sums up a library phidos- 
ophy which is easy for busy librarians 
to forget as they become obsessed with 
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nonessential details or irritations of 
one’s day ... “The research use of 
library materials can and must play an 
increasingly important role for the 
conduct of human affairs, it follows that 
the research library of the future must 
increasingly find ways to promote and 
facilitate such use. This will not be ac- 
complished by inventing short cuts in 
cataloging or book arrangement, or by 
discouraging interlibrary lending, or by 
short changing users because they do not 
appear to qualify in terms of scholarly 
achievement.” 

Instead, all of us should keep in mind 
this challenge: “How do we put the re- 
search library of the future to greater 
use.” 

Mr. Clapp’s presentation of the prob- 
lem, together with an elaborate appendix, 
is a work to stimulate the ambition and 
imagination of hbrarians in the field of 
research. —Adary M. Johnson 


Equations of Mathematical Physics by 
A. N. Tixnonov & A. A. SAMARSKI; 
765 pages; $17.50; The Macmillan 
Co., Pergamon, 1964. 


The contents of this book are a neces- 
sary part of the mathematical equip- 
ment of the physicist and engineer. The 
subject is restricted largely to partial 
differential equations of the second 
order, with brief mention of higher order 
equations arising in elasticity. The book 
was written as a textbook, and is there- 
fore, more expository and requires less 
mathematical sophistication than 
Courant-Hilbert (Volume II), which 
covers much of the same material. The 
treatment here is classical, with an 
initial chapter on the classification of 
second order equations, followed by 
three chapters on hyperbolic, parabolic 
and elliptic equations, illustrated by 
detailed treatments of the wave, heat 
and Laplace equations. The remaining 
three chapters are devoted to wave 
propagation and heat conduction in 
three dimensions and to some further 
aspects of elliptic equations. A supple- 
ment on special functions contains dis- 
cusston of Bessel functions, Legendre 
polynomials, and Chebyshev polyno- 
mials. 
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Each chapter is concluded with a 
series of problems and several ap- 
pendices illustrating application of the 
methods to problems beyond the scope 
of the Laplace, wave, and heat equa- 
tions. Typical subjects include vibra- 
tions of rods, dynamics of the absorption 
of gases, temperature waves, Einstein- 
Kolmogorov equation, equations of the 
electromagnetic field, diffusion of a 
cloud, and skin effect. This, in the re- 
viewer’s opinion, is one of the more at- 
tractive features of the book. 

The content is thus more than 
satisfactory for a course in the partial 
differential equations of mathematical 
physics. The style, however, is some- 
what dry, with very little attempt being 
made to provide motivation. Because 
such a great amount of detail is included 
in the text, it would appear to be most 
useful as a reference for the standard 
methods of solution of linear partial 
differential equations. —David A. Conrad 


Handbook of Mathematical Functions, 
edited by MILTON Apramowirz & 
IRENE A. Stecun, National Bureau 
of Standards Applied Mathematics 
Series 55; 1046 pages; $6.50; U.S. 
Government Printing Office, 1964. 


This volume represents the results of 
a ten-year cooperative effort having the 
general goal of producing a modernized 
version of the classic Jahnke-Emde 
tables of mathematical functions. There 
are twenty sections, beginning with one 
listing mathematical constants to as 
many as 25 significant figures, and going 
on through sections covering the wide 
range of such things as elementary func- 
tions, elliptic functions and integrals, 
Mathieu functions, orthogonal poly- 
nomials, combinatorial analysis, and 
Laplace transforms. Extensive material 
is included on the properties, use, in- 
terpolation, and extrapolation of the 
various tabulated functions, with graphs 
provided where these are helpful. The 
tables have been set up so that simple 
linear interpolation will yield four- or 
five-figure accuracy, although much 
higher accuracy can be obtained with 
more elaborate methods of interpolation. 
A user might find the physical size, 8 by 
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10 by 2 inches, somewhat large for easy 
reference, but there should be no argu- 
ment about the price of $6.50 repre- 
senting a real bargain. Anyone who has 
occasion to do numerical work with 
mathematical functions should be aware 
of this volume. —W. J. Cunningham 


Van Nostrand International Encyclo- 
pedia of Chemical Science, edited by A. 
F. Clifford et al.; 1831 pages; $32.50; 
D. Van Nostrand Co., Inc., 1964. 


An encyclopedia can be judged using 
three criteria: the range of the subjects, 
the depth of treatment, and, more 
subjectively, the quality of presentation. 
This encyclopedia has thousands of 
articles on physics, chemical physics, 
physical, organic, inorganic, analytical, 
industrial, and biological chemistry 
varying in length from a few lines to 38 
pages (Organic Chemistry Nomenela- 
ture, a reprinting of the TUPAC rules). 
The range of coverage is roughly com- 
parable to similar encyclopedias. It is 
not possible for the depth of treatment 
of most subjects to be as great in a one- 














volume work, such as this, as in multi- 
volumed encyclopedias, due to space 
limitations; for this reason, superficial 
and incomplete treatment of various 
subjects is more frequent. 


The quality of the articles varies. 
Physical subjects are presented mathe- 
matically where possible; these articles, 
though terse, seem fairly complete and 
up-to-date. Organic and inorganic chemi- 
cal articles are largely descriptive and 
mainly devoted to defining nomencla- 
ture and structures, rather than com- 
plete descriptions of reactions and their 
underlying mechanisms. Articles on 
analytical chemistry are numerous; 
recipes for a large number of reagents 
and their use, particularly in qualitative 
analysis, are presented. The biochemical 
articles are out-of-date; they represent 
biochemical knowledge as of 1940, not 
1964. Some factual errors were noted in 
surveying the encyclopedia. 

Instead of putting cross-references at 
the end of articles, these are printed, in 
boldface, directly in the text; a very 
convenient device. Four glossaries with 
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translations of selected terms from 
German, Spanish, French, and Russian 
into English are included; their utility in 
such a work seems questionable. The 
wide coverage of chemistry in a single 
volume, despite the faults which occur, 
make this encyclopedia a valuable addi- 
tion to reference libraries.—David B. 
Straus 


Chemisiry in Premixed Flames by C. P. 
Fenimore (The International En- 
cyclopedia of Physical Chemistry & 
Chemical Physics Topic 19, Volume 
5);119 pages; $5; The Macmillan Co., 
Pergamon, 1964. 


This book provides a much needed 
clear exposition on the reaction kinetics 
and chemistry which can be deduced 
from studies of premixed flames. In 
particular, it complements the books by 
Gaydon and Wolfhard and by Lewis and 
von Elbe, both of which discuss com- 
bustion and flames in more general 
terms and do not consider specific reac- 
tions and rates to any great extent. 
Fenimore rightly points out that the 
“activation energy” obtained by ap- 
plying the Zeldovich or other theoretical 
burning velocity-temperature equation 
to measurements of burning velocity 
may have practical utility but no 
fundamental significance should be at- 
tached to the numerical values. It is 
necessary to obtain temperature and 
composition profiles through the flame 
to deduce any significant kinetics or 
chemistry. 

There are short but adequate chapters 
reviewing carbon formation, flame in- 
hibition, and ionization and electronic 
excitation in hydrocarbon flames. While 
the book is mainly concerned with 
hydrogen and hydrocarbon premixed 
flames, other flames such as the decom- 
position flames of hydrazine, hydroxyl- 
amine, nitrate esters, nitrous oxide, 
hydrogen peroxide, ethylene oxide, and 
ozone, and flames involving nitric oxide 
are included. 

The author is to be commended for his 
clarity and for the many references, 283 
in number, which include papers from 
the Ninth Symposium on Combustion 
and from journals published in 1963. 


Indeed, it is essential in a work of this 
type that the references be up-to-date 
since this book will probably need re- 
vision in half a decade as the study of 
composition and temperature profiles in 
flames becomes more widespread. It is, 
however, thoroughly recommended to 
all workers and newcomers in this field 
and also to nonspecialists interested in 
reading about premixed flames since 
the theoretical aspects have been kept to 
a minimum.—Graham S. Pearson 


Combustion & Propulsion, Fifth 
AGARD Colloquium: High Tempera- 
ture Phenomena, edited by R. P. 
Hacerty, et al; 698 pages; $20; 
The Macmillan Co., Pergamon, 1963. 


This particular AGARD volume is 
one of the best of the series which has 
been published. In evaluating volumes 
which are collections of papers, the true 
worth can be established only by the 
individual manuscripts. It is regrettable 
that all papers presented at the col- 
loquium were included. Perhaps, if they 
were not, the price of the volume would 
have been lower and the better papers 
would have become available more 
readily. 

The worth of this book lies in some 
exceptionally good review articles and a 
few first-rate original papers. The review 
articles worthy of note are Hockstein’s 
on the thermodynamic properties of air, 
Gordon’s on the pyrolysis of hydro- 
carbons, and Blatz and Anderson’s on 
fabrication of plastics. The original 
papers which stand out are Fay’s on 
plasma boundary layers and Marble’s 
on the dynamics of a gas containing 
solid particles. Marble’s article un- 
doubtedly will become a classic in its 
field and will be well-referenced here- 
after. 

The volume is divided into six parts: 
I. Equilibrium Properties of High 
Temperature Gases, II. High-T’empera- 
ture Fluids, III. Physical Processes in 
Combustion and Propulsion, IV. Trans- 
port Properties of Jonized Gases, V. 
High-Temperature Materials for Solid 
Propellant Grains in Liners, and VI. 
Basic Combustion of Rocket Engines 
Using High Energy Fuels. Most of the 
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papers in Part VIL are the subject of 
combustion instability in rocket engines 
and report some new experimental re- 
sults, but no new definitive contribu- 
tions can be extracted from this. 

All papers are followed by discussions, 
many of which are critical and worthy 
of note. In particular, Oppenheim’s 
comments on Glamsdorff’s paper 
“Equations de 1’Hydrodynamique des 
Gas Ionisés’” and Crocco’s remarks on 
Barrere and Corbeau’s paper “Les 
Instabiltiés de Combustion dans les 
Fusies à Propergol Liquids” deserve 
attention. —Irvin Glassman 


Vapour Pressure of the Elements by 
An. N. Nuesmryanov, translated & 
edited by J. I. Carasso; 469 pages; 
$14.50; Academic Press, 1963. 


Vapor pressure data for the elements 
are used in many areas of science and 
technology. There are several compila- 
tions of vapor pressure data available 
in the literature, but none are nearly as 
extensive or as critical as in this book. 

Nesmeyanov has surveyed the litera- 
ture from 1874 to 1961 and lists 695 
references. Data are presented for all of 
the elements except Hz, Ne, Oo, He, Ne, 
Ar, Kr, Xe, and Rn. For a given ele- 
ment, the results of various workers are 
presented in separate tables and com- 
pared on a single graph on which is 
plotted log pressure (torr) as a function 
of the reciprocal of the absolute tem- 
perature. The author carefully analyzes 
the often conflicting results and gives his 
opinion as to which are the most reliable. 

While there are no author or subject 
indexes, access to the information 
presented in the book is easily accom- 
plished through the use of the tables 
which appear at the end. One table lists 
the elements and the references which 
pertain to each. The coefficients of the 
equation relating vapor pressure to 
absolute temperature were computed 
from the most reliable data and are 
tabulated. Molecular composition of 
vapor phase, melting point, boiling 
point, heat of fusion, and heats of sub- 
limation are also listed for pressures at 
decade intervals (107" torr to 1 atmos- 
phere). A final series of tables gives the 


vapor pressure for various temperatures. 
All of these data are easily used. 

The first 117 pages describe in some 
detail the methods used for determining 
vapor pressures and assess their sen- 
sitivities. 

This extensive, critical survey of the 
vapor pressures of the elements is a well 
organized, useful book.—Richard W. 
Roberts 


Current Topics in Organic Chemistry, 
Vol. 1 by L. F. Fisser & M. FIESER; 
122 pages; $2.75 paper; Reinhold 
Publishing Corp., 1964. 


This inexpensive publication repre- 
sents a commendable job by the authors, 
sorting out the enormous amount of 
literature associated with organic chem- 
istry, and it offers a treatment of im- 
portant current topics. It follows the 
pattern of Part 2 of a previous Fieser 
book, Topies in Organic Chemistry, and 
includes subject-matter selected from 
journals received in the period from 
January 1, 1963 to December 15, 1963. 
There are over one hundred-eighty 
concise sections each checked and cor- 
rected by the authors of the papers 
cited. 

The book will be welcomed by 
students, teachers, and research workers 
with particular interest in usefulness 
and properties of reagents, new reac- 
tions, novel and improved syntheses, 
isolation of natural products, and 
elucidation of structures.. J. 
Poziomek 


Nuclear Chemistry & Its Applications 
by M. Haissinsxy, translated from 
the French by D. G. Tuck; 834 pages; 
$22.50; Addison-Wesley Publishing 
Co., 1964. 


This book presents nuclear chemistry 
in its broadest form; however, a better 
title would have been “Nuclear Science 
and Its Applications.” Nuclear trans- 
formations and ionizing radiation are 
now used in so many scientific and engi- 
neering disciplines that this area of 
knowledge is a science in its own right, 
and this book shows how nuclear tech- 
niques can be used in such diverse areas 
of knowledge as geochemistry, astro- 





CNA PROFESSIONAL 


A CNA analyst is a professional of 
superior competence. He may be a 
mathematician, a physical scientist, 
an economist, or a research engineer. 


He is a member of the Center for 
Naval Analyses of The Franklin 
Institute. CNA is a private scien- 
tific organization engaged in opera- 
tions research, systems evaluation, 
and broad-based studies for the 
United States Navy. 


CNA professionals work on current 
operational problems with the 
Operations Evaluation Group; on 
problems of cost effectiveness and 
force requirements of the mid- 
range future with the Naval War- 
fare Analysis Group; on studies of 
naval problems of the long-range 
future with the Institute of Naval 
Studies; or on parametric studies 
or development of new methodolo- 
gies in CNA’s Research Group. 

The CNA analyst has unusual ana- 
lytical ability. His imagination is 
tempered by reality. He is capable 
of independent effort, but is amen- 
able to inter-disciplinary research. 
He wants to apply his talents and 
knowledge to the nation’s security. 


A few CNA staff appointments are 
available. For additional informa- 
tion, write: 

Director 

CENTER FOR NAVAL ANALYSES 
Dept. AS 

1401 Wilson Bivd., Arlington 9, Va. 


CNA 


CENTER FOR NAVAL ANALYSES 
OF THE FRANKLIN INSTITUTE 


OEG - OPERATIONS EVALUATION GROUP 
INS ù INSTITUTE OF NAVAL STUDIES 
NAVWAG « NAVAL WARFARE ANALYSIS GROUP 


An equal opportunity employer 
461A. 


physics, biology, chemistry, physics, and 
the process industries. 

The scientific community owes a 
debt to Dr. Haissinsky for his great 
skill in writing this book. Basic informa- 
tion on such topics as fundamental nu- 
clear particles, nuclear forces and 
models, and the transuranium elements 
is combined with applications including 
reactors, separation of isotopes, tracer 
techniques, and technological uses. It 
is á pleasure to see a book written by a 
real master of an area of knowledge. 
Too many current publications in 
nuclear science consist of surveys by 
various specialists or the proceedings of 
various symposia collected under one 
cover. These books generally are of un- 
even quality and usefulness. Dr. Hais- 
sinsky’s book, on the other hand, shows 
the hallmark of a real scholar —a clear, 
orderly, and understandable presenta- 
tion. The same praise applies to Dr. 
Tuck’s work in translating this work 
from the French. 

This book will find wide use among 
radiochemists, radiation chemists, and 
other people concerned with the applica- 
ton of radioisotopes and ionizing radia- 
tion, and in fact, it is hard to see how 
they can get along without this book. 
The price is reasonable for a volume of 
this size, and the more than 2700 refer- 
ences are a bargain. The reviewer has 
recommended that his students purchase 
the book.—John A. Wethington, Jr. 


Ultracenirifugal Analysis in Theory & 
Experiment, edited by J. W. Wi- 
LIAMS; 282 pages; $10; Academic 
Press, 1963. 


“Ultracentrifugal Analysis” contains 
the papers presented at a ‘Conference 
on the Ultracentrifuge’ sponsored by 
the National Academy of Sciences with 
the financial support of the National 
Science Foundation. The meeting was 
held at The Rockefeller Institute from 
June 18 to June 21, 1962. Editorial com- 
ments on certain papers are included. 
This volume is an important collection 
of concise reports on the current theory 
and use of the ultracentrifuge by con- 
tributers who are recognized authorities 
in the field. 
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The seventeen papers comprising the 
book are divided into three parts, 
namely, “Transport Theory,” “Tiquilib- 
rium Theory,’ and ‘Practice.’ An 
indication of the range of topics covered 
is given by taking one sample paper 
from each part; the application of the 
theory of nonequilibrium thermody- 
namics to diffusion and sedimentation by 
G. J. Hooyman in part one, a treatment 
of sedimentation equilibrium in reacting 
systems by E. T. Adams, Jr. and H. 
Fujita in part two, and in the last sec- 


‘tion, the use of separation cells by D. 


A. Yphantis. 


There are many workers who use the 
ultracentrifuge routinely for whom the 
classical equations of Svedberg give 
sufficient and useful information relative 
to their particular problem. The highly 
specialized treatments of, for instance, 
transport processes will be of limited 
service in these instances. Nevertheless, 
the book should not be totally ignored 
by these researchers. A few articles are 
of general interest and deserve con- 
sideration. For example, the ideas put 
forth in “Computational Methods of 
Ultracentrifugation” (R. Trautman), 
such as supplementing the relative 
centrifugal force method of reporting 
preparative procedures by giving the 
minimum sedimentation coefficient, 
should have wide application. 


On the other hand, investigators who 
rely mainly on the ultracentrifuge as the 
principal tool in their research, as well 
as theoreticians interested in transport 
phenomena will find ‘Ultracentrifugal 
Analysis’ of immense value as a record 
of the current trends in the field and for 
the new experiments and lines of re- 
search suggested. Possible applications 
of density-gradient centrifugation are 
discussed by M. Meselson and G. M. 
Nazarian. The procedure of G. A. 
Gilbert and R. C. L1. Jenkins for the 
study of reversibly interacting systems, 
whereby a value of the equilibrium con- 
stant, k, and model schlieren patterns 
can be calculated, will probably be em- 
ployed for an increasing number of reac- 
tions. The optical systems for sedimen- 
tation analysis described by H. K. 
Schachman suggest many experiments. 

Rather than publish the actual dis- 
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cussions, the editor chose to indicate 
briefly the comments of the partici- 
pants. —Leon M. Krausz 


Thermodynamics of Clouds by L. 
Durour & R. Drray; International 
Geophysics Series, Volume 6; 255 
pages; $10; Academic Press, 1963. 


The authors of this valuable book are, 
in the positive sense of the word, per- 
fectionists. Engaged in the study of the 
physies of clouds, it became apparent 
to them that there is a need for a co- 
herent treatment of a large group of 
problems directly or indirectly related to 
the thermodynamics of capillarity. Since 
cloud physics is a branch of modern 
meteorology in which speculations and 
expectations are not always kept in the 
right proportion to solid theoretical, 
physical analysis, this work really fills a 
gap and, for that matter, in a very 
thorough form. In the first part of the 
book, the general formulas for interface- 
thermodynamics are developed. The 
second part describes their application 


to the phenomena of droplets and ice 
crystals suspended in the atmosphere. 
The final section treats the theory of 
condensation- and freezing-nuclei. In 
several chapters the authors have in- 
cluded the results of their own recent 
research. For example: by comparing 
the nucleation rates of water and ice in 
humid air they conclude that “even 
below —65°C., homogeneous nucleation 
of water takes place rather than of ice, 
contrary to the opinion often held 
since... 1940.” The bibliography con- 
tains many articles from continental 
journals not all of which may be known 
to the specialists in this country. Only 
thus one realizes that the present text is 
a translation (prepared by M. Smyth 
and A. Beer) of the original elaboration 
made in French, at Brussels.—W. 
Schwerdtfeger 


Molecular Rearrangements, Part 2, edited 
by PAuL pe Mayo; 535 pages; $20; 
John Wiley & Sons, Interscience, 


1964. ° 
The high standards established in 
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Part 1 of Molecular Rearrangements are 
continued in the second volume, which 
is concerned with the rearrangements of 
carbohydrate chemistry (R. U. 
Lemieux), terpenoids (J. F. King and 
P. de Mayo), alkaloids (E. W. Warn- 
hoff), amino-acids and peptides (L. A. 
Cohen and B. Witkop) and steroids (N. 
L. Wendler). One might expect that a 
volume devoted to rearrangements of 
natural products could degenerate into 
an old-fashioned descriptive treatise, but 
such is not the case for Part 2. Lemieux, 
for example, begins his chapter with a 
discussion of the conformational aspects 
of “Rearrangements and Isomerizations 
in Carbohydrate Chemistry.” The other 
contributors likewise emphasize the 
mechanistic importance of the rear- 
rangements they discuss. Somewhat in 
contrast to the first volume, there is a 
surprising homogeneity of style and 
content. From the copious references, 
the literature appears to be well covered 
both from a historical and a modern 
view. Most of the authors of Molecular 
Rearrangements, Part 2 have made 
scientific contributions to fields dis- 
cussed in their chapters. ° 

It is difficult to see how this treatise 
could be improved upon, particularly 
since it has the considerable advantage 
over Part 1 of containing the index! 
The reviewer recommends it for all 
graduate students majoring in organic 
chemistry-—and for their professors as 
well.—Clair J. Collins 


Biogenesis of Natural Compounds, edited 
by P. BERNFELD; 930 pages; $28; 
The Macmillan Co., Pergamon, 1963. 


In this book an attempt is made to 
summarize present knowledge of the 
pathways by which the major natural 
products are synthesized. The book con- 
tains eighteen chapters, each dealing 
with a major group of natural com- 
pounds. Some of the pathways have 
been reviewed often (for example, those 
of amino acids, purines, and pyrimi- 
dines), and sometimes far less frequently 
(as with the phenolic plant products, 
terpenes, and alkaloids). The value of 
reviewing some of the better known 
pathways can be questioned, since 


adequate compilations are already avail- 
able. However, the book does seem to 
do a real service in reviewing the less- 
often discussed pathways and in bring- 
ing them together into a convenient 
reference work. 

As with any compilation of work by 
a large number of authors, the quality 
and interest of the chapters vary. This 
reviewer found several of the chapters 
interestingly and well written, whereas 
others were quite ordinary reviews. 

Unfortunately, with volumes of this 
type the reviews are often behind the 
published work by an uncomfortable 
margin. The literature is summarized to 
approximately 1960, which might be 
considered as reasonable for this com- 
plex volume. 

Repetition is almost unavoidable in a 
work of this sort. The same basic 
schemes apply to a variety of pathways. 
Hence, they are dealt with by several 
authors, unless editing is especially 
critical. This seems to be a difficulty 
with this work, as with others. 

In spite of the above shortcomings, 
this reviewer found the book useful as a 
reference work and in teaching. It 
should provide a welcome source book 
for most libraries. Whether the individ- 
ual research worker will wish to pur- 
chase it will depend on his specialized 
interests and on the funds available. — 
Arthur B. Pardee 


Introduction to Satellite Geodesy by 
Ivan I. MUELLER; 415 pages; $15; 
Frederick Ungar Publishing Co., 
1964. 


Historically, geodesy has been con- 
cerned with the determination of the 
size and shape of the earth, the location 
of points on the earth’s surface, and the 
description of the gravity field on or 
near the surface. Satellites provide a 
particularly powerful method for in- 
vestigating the earth’s gravitational 
field and, to a lesser extent, for deter- 
mining the relative locations of points 
on the earth’s surface. 

Mueller introduces the subject of 
satellite geodesy by considering the use 
of solar eclipses and occultation in 
geodesy. This discussion takes up one- 
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third of the book and provides the con- 
nection between the classical methods 
of geodesy and the newer method 
utilizing satellites. Mueller treats orbit 
determinations; the observation of arti- 
ficial satellites; the reduction of observa- 
tions, including visual, photographic, 
and electronic; and the interpretation of 
these observations in terms of the 
earth’s gravity field. The discussion has 
a bit of the handbook flavor with a de- 
tailed working out of all equations, in- 
cluding the specifications of the numer- 
ous numerical constants. The treatment 
could clearly serve as a text for the 
methods of celestial satellite geodesy. 
There is, however, no discussion of the 
relation of geodesy to other branches of 
geophysics nor of the numerous prob- 
lems of the earth’s interior that have 
been raised by detailed studies of satel- 
lite orbits. —Gordon J. F. MacDonald 


Prehistoric Technology by S. A. 
SEMENOV, translated from the 
Russian by M. W. TxHomeson; 18] 
pages; $12.50; Barnes & Noble, 
1964. 


Thompson’s translation of Semenov’s 
work marks an important stage in pre- 
historic studies. Semenov attempts to 
identify the functions of stone imple- 
ments and bone tools on the basis of 
wear patterns. This is done through 
microscopy and photomicrography. He 
thus can show the angle at which the 
tools were held, the direction of motion, 
and often presents a logical hypothesis 
as to its use, such as chopping wood, 
cutting meat or skin, ete. 

Since the early days of research, pre- 
historians have worked almost ex- 
clusively within a typological frame- 
work, and most studies are arrested at 
this Linnaean level. Semenov’s approach 
brings us nearer to understanding how 
man used these tools to cope with his 
environment. Changing typology may 
leave stratigraphic traces, but it tells 
us little about why man made certain 
tools, if more efficient ones were dis- 
covered, and what, in fact, he was try- 
ing to prepare or manufacture. 

Unfortunately, Semenov deliberately 
ignores the reverse side of this coin, 
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modern experimentation. His approach 
would be stronger if he could show us 
tools he himself produced in the fashion 
he describes, used in the manner he de- 
tails, and bearing the telltale wear pat- 
terns he so admirably shows on pre- 
historic implements. 

Stemming from this lack of experi- 
mentation, he makes a number of errors 
in his chapter on prehistoric manu- 
facture. As an example, he states that 
wooden tools are too soft to produce pre- 
historic implements. In fact, one can 
produce an admirable hand-axe from a 
flint core using an ordinary hammer 
handle as a striker. 

One minor fault in the book is a lack of 
scale accompanying photographs, which 
in themselves are excellent. It would also 
be important to know what percentage 
of each class of tools at each site shows 
the wear patterns he describes. 

All archaeologists concerned with pre- 
historic implements should give this 
book careful reading and benefit from 
its excellent and painstaking approach, 
as well as the information this method 
yields. —Henry T. Irwin 


Habitable Planets for Man by STEPHEN 
H. Dore; 158 pages; $5.75; Blaisdell 
Publishing Co., 1964. 


Here is an attempt to answer the 
question ‘What are the biological 
constraints upon man’s survival in a 
planetary environment, and what is the 
probability that a given star can sup- 
port habitable planets?” Though the 
query is old and proposed answers often 
resemble more a game than a science, 
this study by the head of the human 
engineering group of The Rand Corp. 
is the most thorough and quantitative 
available. 

“Habitable” is first defined, then 
the temperature, illumination, gravity, 
water, atmospheric, and other require- 
ments for producing a general ecology 
capable of supporting human life are re- 
viewed in detail. This is followed by a 
chapter on general physical and chemi- 
cal properties of planets, largely a re- 
view of the literature with several addi- 
tional calculations. Next the mass, 
rotation rate, age, orbital characteris- 


tics, and tidal forces necessary for 
habitable planets are examined and 
stellar binary systems treated. 

To determme the probability of a 
star having habitable planets, the prob- 
abilities of satisfying each of ten neces- 
sary conditions are calculated —with 
varying degrees of convincingness. The 
author fully realizes the fragility of his 
numerical computations, but it seems 
silly to report to three significant figures 
results which are order of magnitude at 
best. This is followed by a detailed dis- 
cussion of 14 promising stars within 22 
light-years, whose combined probability 
of having a habitable planet is found to 
be about 0.48. 

Three brief concluding chapters con- 
sider techniques of planet finding, types 
of habitable planets, changes which may 
be produced in man by differing en- 
vironments, and a note on human 
destiny. These chapters also contain a 
reply to those who would dispute the 
wisdom of man in spreading his civiliza- 
tion throughout the galaxy. 

The techniques and conclusions are 
of broad general interest and are under- 
standable by nonspecialists, the style 
and format are pleasing, and a glossary 
and comprehensive bibliography are in- 
cluded.— William C. Saslaw 


The Senses of Animals by L. H. Mar- 
topws & M. Kwnieut; 240 pages; 
$7.50; The Philosophical Library, 
1963. 


Recent years have seen many exciting 
advances in our understanding of the 
sensory basis of animal behavior. Not 
only has there been continued accumu- 
lation of evidence that the senses may 
function very differently and be more 
or less important in other animals than 
in man, but sophisticated physiological 
studies have revealed several examples 
of unprecedented sensory capability 
and even the existence of entirely un- 
familiar sensory modalities. The present 
volume is an attempt to capture the 
excitement of these recent findings in a 
brief and nontechnical summary of 
what is now known about the senses 
and their function at all levels of the 
animal kingdom. 


In the first half of the book, Knight, 
a, well-known British amateur naturalist, 
mentions a vast number and variety of 
interesting phenomena in a rambling dis- 
cussion of simple field observations and 
experiments with everything from pro- 
tozoa to man. Unfortunately, his chap- 
ters are repeatedly marred by careless 
writing and careless interpretation of ob- 
servations. The result is often more mis- 
leading than informative. 

The second half of the book, however, 
is entirely successfifl. Matthews, the 
Scientific Director of the London Zoo, 
writes with extraordinary ease and 
clarity. His chapters emphasize the 
physiological mechanisms underlying 
sensory function and the adaptation of 
the senses to particular modes of life in 
a wide spectrum of animals. Vision 
recelves most attention, but hearing, 
touch, smell, and taste are discussed 
with a minimum of oversimplification. 
A separate chapter is deservedly devoted 
to the specialized use of sound for 
orientation by many animals, and the 
somewhat analagous use of self-gen- 
erated electrical fields by certain fish. 
Another chapter deals with the sensory 
monitors of body position and internal 
condition, and with the mysterious 
phenomena of ‘internal clocks’ and 
homing. 

One of the few drawbacks of this part 
of the book is its lack of references and 
bibliography, making it difficult for 
readers to pursue interests stimulated 
by the text. For the nonscientist, how- 
ever, or the student wanting a brief but 
accurate and comprehensive introduc- 
tion to the senses, the second half of 
this book should prove a welcome find. — 
Alan D. Grinnell 


Overtures to Biology, The Speculations of 
Eighteenth-Century Naturalists by 
Puiu C. RrrrerpusH; 287 pages; 
$7.50; Yale University Press, 1964. 


Overtures to Biology, as its title and 
subtitle suggest, devotes its attention 
to some eighteenth century speculations 
concerning natural history which were 
prevalent before biology developed in 
the nineteenth century into the exferi- 
mental science that we know today. 
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The author considers mainly two pri- 
mary patterns of speculations, separate 
but slightly overlapping. He takes up 
first electricity and the idea of im- 
manence, which he defines as the belief 
that “interrelated subtle fluids caused 
all vital phenomena”; then, at some- 
what greater length, he deals with 
analogies between plants and animals, 
as supposed explanation of the life of 
plants, and also in relationship to ideas 
concerning scales of beings and of fune- 
tions. In a final chħpter he discusses the 
roles of Erasmus Darwin, Lamarck, 
Sir Humphry Davy, and John Hunter 
as intermediaries (or otherwise) be- 
tween the romantic speculators of the 
past and the more modern biologists 
whom the author would seem to con- 
sider to be more strictly empirical 
scientists. 

Ritterbush is more deeply concerned 
with the speculations than with their 
observational or other factual founda- 
tions. He bases his analyses and syn- 
theses on the writings of a far greater 
diversity of authors than will be familiar 
to most of his readers. His text is fully, 
but not over-obtrusively, documented; 
it is graced by wit and esprit rare in 
such scholarly writing. This brilliant 
book is recommended as stimulating 
and enlightening not only to biologists 
and historians, but to all readers of 
AMERICAN SCIENTIST who find pleasure 
in speculations about the speculators who 
were their intellectual forefathers. — 
Jane Oppenheimer 


Chemical Background jor the Biological 
Sciences by Emu H. Warme, 152 
pages; $4.95 cloth; $1.95 paper, 
Prentice-Hall, Inc., 1964. 


This book is one of a series on founda- 
tion of modern biology. The idea, behind 
this series is that biology, a complex and 
diverse science, might well be taught 
from short monographs, each dealing 
with an important sub-area. The ob- 
jective of this book is to provide the 
chemical background needed by begin- 
ning biology students, presumably be- 
fore they are exposed to the usual 
chefnistry courses. 

A sound foundation in chemistry is 
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essential for a modern biologist. Today, 
one finds an increasingly great emphasis 
on subcellular events; therefore, one 
rapidly enters the domain of bio- 
chemistry. Biochemistry is thus vital for 
an understanding of a very large part of 
biology. In turn, one cannot acquire a 
firm basis in biochemistry without a 
chemical background. Biology students 
often do not acquire even a basic knowl- 
edge of biochemistry early in their 
training. This is because they are first 
required to acquire a grounding in 
chemistry, and especially organic chem- 
istry, which is often taught during the 
Junior year. Therefore biochemistry is 
relegated to the Senior year or even 
deferred to Graduate School. 


This reviewer believes that a sound 
training in biology requires an under- 
standing of the elements of biochemistry 
before the second half of the Junior 
year. The fundamentals of organic 
chemistry should be learned even 
earlier. Two ways are available for this 
instruction. One is to teach organic 
chemistry to sophomores. Alternatively, 
one can introduce organic chemistry 
briefly as part of a Freshman or Soph- 
omore Biology course. It is for this 
purpose that the present book would 
seem designed. 


The book itself consists of six chap- 
ters. The first two deal with the ele- 
ments of basic chemistry, the next 
three with organic chemistry, and the 
last briefly discusses the chemistry of 
natural products. The writing is clear, 
and the selection of points to be covered 
is in general excellent. If a student 
understands the ideas in this book he 
will have a sound basis for further 
studies in biology. However, the mate- 
rial covered briefly here generally re- 
quires two years in the conventional 
chemistry curriculum. One could hope 
to gain from a short book at best 
vocabulary and major ideas. At a later 
date, this material should be sup- 
plemented by a thorough course in 
organic chemistry. 

Such a brief book cannot cover all 
chemical topics valuable for biologists. 
But a few topics could have been ex- 
panded or treated more thoroughly. 
One of these, obviously, is heterocyclic 


compounds, extremely important as 
components of vitamins and nucleic 
acids. Some understanding of their re- 
actions, especially ionizations and oxida- 
tion reductions would be valuable to 
biologists. Another topic which might be 
discussed briefly is light absorption and 
spectra, in terms of structure. 

All in all, this book provides a very 
good first step in the direction of 
bringing organic chemistry and bio- 
chemistry into the biology curriculum at 
the appropriate early stage. It should 
be useful both in teaching a beginning 
biology course and in telling the more 
experienced biologists about newer de- 
velopments in organic chemistry.— 
Arthur B. Pardee 


Advances in Physical Organic Chemistry, 
Vol. 2, edited by V. Goup; 288 pages; 
$10; Academic Press, 1964. 


The volume contains reports on four 
topics in the field of physical organic 
chemistry—written by well known au- 
thors. , 

Clair J. Collins in his review on 
“Isotopes and Organic Reaction Mecha- 
nisms” discusses the different types of 
application of isotopes to studies of 
organic mechanism, ie, the isotope 
dilution method, tracer studies (follow- 
ing the fate of a certain atom in a 
reactant molecule during the course of a 
reaction), measurements of reaction 
rates with the aid of isotopes, and 
kinetic isotope effects. He gives many 
selected examples of special interest to 
the organic chemist. The section on 
kinetic isotope effects mainly consists of 
an excellent discussion of the treatment 
of the experimental data which is not 
available in any other review article: 
the reaction rate method for the deter- 
mination of isotope effects and its error 
limits, and the method of competing 
reactions. 

The contribution of E. Whalley, 
“Use of Volumes of Activation for De- 
termining Reaction Mechanisms” is the 
first review article which appears on 
this topic. It includes not only a survey 
of Whalley’s own important work on the 
pressure dependence of the rates of acid 
catalyzed reactions and its mechanistic 


implications but it is also concerned 
with pressure effects on many other reac- 
tion types, i.e., unimolecular decomposi- 
tion versus solvolytic processes, some 
rearrangements, Diels-Alder reactions, 
and radical polymerizations. 

H. Zollinger, “Hydrogen Isotope Ef- 
fects in Aromatic Substitution Reac- 
tions,” gives a survey of the application 
of primary H-isotope effects to the 
evaluation of the rate-determining step 
in some aromatic Sp, Sy, and Sp reac- 
tions. The discussions centered around 
the equation of the stationary state, 
with special reference to many in- 
teresting examples in which none of the 
consecutive steps alone is rate deter- 
mining. 

A. P. Wolf, in his contribution “The 
Reactions of Energetic Tritium and 
Carbon Atoms with Organic Com- 
pounds” devotes himself to the difficult 
task of reviewing a completely new field 
of work which refers to the reactions of 
“hot” carbon-11, carbon-14, and tritium 
atoms created by the Szilard-Chalmers 
effect. This review is of special value 
because this very important field is less 
familiar to the average physical organic 
chemist. 

The volume may be recommended to 
everybody with a strong scientific in- 
terest in the field of physical organic 
chemistry. Since very little time has 
elapsed after the submission of the 
manuscripts by the authors, the book is 
completely up-to-date. —A. V. Willi 


The Technology of Polyester Fibres by 
B. V. PrtuxHov; 89 pages; $4.50; 
The Macmillan Co., Pergamon, 1963. 


The monograph aims to give a review 
of the main problems in the production 
of “Lavsan” (polyethylene tereph- 
thalate) fibers. As such, it is a course 


outline of published facts to 1960, the - 


publication year of the first Russian 
edition. Without going into very much 
detail, a description is given of produc- 
tion methods for polyethylene tereph- 
thalate and its raw materials, polyester 
fiber spinning techniques, and polymer 
as well as fiber properties. Some atten- 
tion is given to raw material spec#fica- 
tions, the relative merits of different 
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polymerization techniques, and fiber 
treatments. 

The main use of this monograph is, in 
the opinion of the reviewer, for those 
who are unfamiliar with the general area 
of polyethylene terephthalate produc- 
tion and fiber spinning. It is definitely 
not a handbook for workers in polyester 
technology. For this, it misses the depth 
and completeness of review and critical 
selection of experimental fact. The work 
can best be seen as an extended litera- 
ture survey in the area of polyester 
technology. To take it as an authorita- 
tive treatise would be wrong and might 
lead one to repeat experiments which 
already have been repudiated elsewhere 
(for instance, the claims for Zn-acetate 

‘catalyst on page 16 are not so beyond 
question as one might believe—it has 
been shown that this catalyst promotes 
polymer degradation). Lack of definition 
of symbols used (such as Nm) is bad 
practice. 

The translation is only fair. Although 
the text is clear in most places, one is 
continuously aware of the fact that this 
was translated from the Russian lan- 
guage. A mixed-up translation, as in the 
middle of page 45, is intolerable.— 
H.J. L. Schuurmans 


Fatigue Resistance by P. Ye. Krav- 
CHENKO; 122 pages; $5; The Macmil- 
lan Co., Pergamon, 1964. 


The fact that this monograph is a 
translation from the Russian probably 
accounts for its having more prefatory 
sections than are usually found in books, 
even those with more monumental ob- 
jectives. There is first a preface to the 
English edition by N. L. Day (who 
edited the translation) in which the work 
on fatigue in metals in Western coun- 
tries is reviewed and the important 
literature cited. Kravchenko’s references 
are all to Russian workers. Following 
this section is a foreword to the English 
edition, evidently by the author, in 
which he concludes with the indubitably 
commendable hope “that his modest 
work will help if only a little to 
strengthen contacts and friendship be- 
tweén our peoples.” There follows an- 
other foreword, seemingly for the Rus- 
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sian edition, and an introduction serving 
as a brief historical review, before Page 
One of the main text comes into view. 
The title of this volume, implying 
that it has to do with the fatigue of 
materials generally, is misleading. Actu- 
ally the subject matter is the fatigue 
resistance of metals only. The mono- 
graph, intended primarily as a textbook 
for students at the undergraduate level, 
assumes the reader to have no previous 
familiarity with fatigue testing, and 
opens with a chapter on definitions and 
the graphical presentation of results 
along conventional lines. It thus serves 
as a helpful introduction to the subject, 
not only for the man interested in 
fatigue in metals, but (despite the 
limited orientation of the book) for the 
person interested in these phenomena 
in other materials. Other chapters on 
the external appearance of fatigue frac- 
tures, the theory of metal fatigue, 
factors affecting the endurance limit, 
and methods of design for improving 
fatigue performance have less broad 
application. —W. James Lyons 


Physical Chemistry by D. F. EGGERS, 
JR., et al; 783 pages; $9.95; John 
Wiley & Sons, 1964. 


The domain of modern physical chem- 
istry is no longer contained by “clas- 
sical” topics such as equations of state, 
thermodynamics, kinetic theory, and 
their applications. Rather, a good basic 
knowledge of quantum and statistical 
mechanical principles is necessary for 
the understanding of a large number of 
topics. Numerous introductory texts 
exist in which both quantum and 
statistical mechanics are discussed with 
some rigor. But these subjects are 
usually treated more or less as separate 
entities, and the bridge between them 
and classical topics is not well defined 
and leaves much to be desired. In their 
text, Eggers, Gregory, Halsey, and 
Rabinovitch have succeeded in con- 
structing such a bridge. It is new in 
concept and fresh in style, and should 
make a welcome addition to the library 
of the student and the researcher alike. 

The book consists of eighteen chap- 
ters, which may roughly be grouped 


into two parts. The first eleven chap- 
ters provide basic coverage of statistical 
mechanics, quantum mechanics, and 
thermodynamics, each of which is dis- 
cussed with clarity and considerable 
depth; the remaining seven deal with 
applications of these principles in the 
description of solutions, transport and 
rate processes, chemical kinetics, molec- 
ular spectra and resonance phenomena, 
x-ray diffraction and crystal structure, 
reaction rates under nonequilibrium 
conditions and phenomena at interfaces. 
Despite the multiple authorship, the 
book is uniformly well written. A 
notable feature of the presentation lies 
in the continuity in thought and con- 
sistent permeation of basic principles 
throughout the text. Thus, the deserip- 
tion of “classical” thermodynamics in 
Ch. 7 prepares the way for a rigorous 
treatment of statistical thermodynamics 
in Ch. 11. A fundamental knowledge of 
statistical mechanics acquired in Ch. 5 
prepares the student for a better under- 
standing of chemical equilibria, solu- 
tions, and chemical kinetics described 
later in Chs. 10, 12, and 14, respectively. 
Similarly, the opening chapters on 
quantum mechanics form the prerequi- 
site for the discussions of molecular 
spectra and photochemistry presented 
in Chs. 16 and 17. The book is well-il- 
lustrated and well-studded with prob- 
lems which complement the material 
covered in the text. Frequent reference 
to data from modern literature is help- 
ful in emphasizing the application of 
basic principles. 


Due probably to a conscious effort 
to prevent the text from getting too 
bulky, however, several specific topics 
are discussed in perhaps too brief a 
manner. For example, the derivation of 
Debye’s T? Law for the heat capacity of 
monatomic solids should at least be out- 
lined, even though the assumed fre- 
quency distribution for the solids is in- 
accurate. Also, the important, yet often 
neglected, topic of thermal conductivity 
could be treated at a greater length, in 
keeping with lengthy discussions of 
other transport phenomena in Ch. 13. 
A section on dielectric loss and micro- 
wave absorption phenomena could 
profitably be included immediately fol- 


Jowing the section on dipole moments 
and polarization phenomena in Ch. 16. 

In general, this is an excellent text, 
and should present a challenge for the 
ambitious and promising university 
junior. —Francis K. Fong 


Solids Under Pressure, edited by 
Wium PauL & D. M. War- 
SCHAUER; 478 pages; $15; McGraw- 
Hill Book Co., 1963. 


“Solids Under Pressure” constitutes 
an excellent cross section of the field to 
the date of the publication. The intro- 
ductory chapters by the late P. W. 
Bridgman to whom the volume is 
dedicated, and by A. W. Lawson might 
well serve to provide guidelines for 
those interested in initiating high-pres- 
sure studies in their own laboratories. 

Subject matter of the remaining chap- 
ters provides a coverage of currently 
interesting topics on pressure effects in 
solids. These range from the highly de- 
tailed works on effect of pressure on 
properties of semiconductors in which 
the investigators have sought accurate 
knowledge of a wide range of effects in a 
relatively narrow class of very well 
characterized materials, to the investiga- 
tions on phase equilibria and trans- 
formations in metals under pressures in 
which a specific set of effects was the 
principle target. 

The final technique chapter is a 
“Review and Prospect’? *by Harvey 
Brooks, presenting a critical review of 
research in the field, with suggestions 
for both theoretical and experimental 
investigations to augment the existing 
status of understanding of solid state 
phenomena. 

An extremely useful feature in this 
volume is an extensive and carefully 
classified bibliography of high pressure 
techniques containing a brief description 
of the contents of each article listed. — 
W. B. Daniels 


Comparative Anatomy and Embryology 
by Wrutram W. BALLARD; 618 pages; 
$10; The Ronald Press Co., 1964. 


The subject of comparative vertebrate 
morphology has long been. in need of%an 
authoritative book designed for use in 
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undergraduate courses in which com- 
parative anatomy and vertebrate em- 
hryology are presented in an integrated 
manner. The study of comparative 
anatomy achieves significance only 
when it is based on a good compre- 
hension of both phylogeny and ontog- 
eny; and the details of embryonic de- 
velopment, to be truly meaningful, re- 
quire a knowledge of the adult structure 
of the organisms concerned. Yet, up to 
the present timé, few books in the 
English language have been at all 
adequate for use in a coordinated 
course in vertebrate anatomy and em- 
bryology. The reason is not far to seek. 
The preparation of a treatise dealing 
with the broad sweep of the subject, 
accurate and up-to-date, and planned for 
the use of undergraduate students repre- 
sents a formidable task. Professor Bal- 
lard in producing such a book has done 
an admirable job. 

In its organization the book presents 
a somewhat unusual but highly com- 
mendable approach to the subject. After 
establishing a background of informa- 
tion regarding chordate evolution, clas- 
sification and the major concepts of 
morphology, the author devotes a section 
of over one hundred pages to a con- 
sideration of the development of various 
types of vertebrates, up to what he 
chooses to call the pharyngula stage— 
the stage at which pharyngeal arches 
and pouches are prominent. Included in 
this section is a discussion of early 
morphogenesis, the establishment of 
fate maps, the early stages in the forma- 
tion of the primary organs of the body, 
and finally an analysis of the major de- 
velopmental concepts concerned. This 
section provides a ground work for an 
understanding of later developmental 
changes leading to the adult form; and, 
it provides, also, numerous examples of 
the manner in which normal and experi- 
mental embryology unite with phylog- 
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eny and comparative anatomy to form 
the basis for an understanding of the 
principles of comparative morphology. 

Later sections of the. book are devoted 
to comparative regional anatomy, again 
with the findings of developmental and 
adult anatomy well integrated. In these 
sections are numerous examples to show 
that the author has extensively con- 
sulted original sources. This is not a 
book which relies heavily on previous 
texts and in which old inaccuracies and 
faults are perpetuated, as is so fre- 
quently the case. As a single instance: in 
the chapter on the urinary system is 
presented one of the clearest and most 
accurate accounts of the comparative 
morphology of nephroi and their ducts 
available in any undergraduate text. 
This account includes information from 
recent experimental work and is free of 
the oft-repeated over-simplified state- 
ments regarding the succession of dif- 
ferent types of kidneys in phylogeny and 
ontogeny. Many other examples of the 
attention given to accuracy and compre- 
hensiveness and the manner in which 
conceptual aspects of the subject are 
dealt with could be cited. 

Professor Ballard writes in an envi- 
ably lucid style. The large number of 
illustrations, many of them original and 
others redrawn from earlier publications, 
constitute an intimate part of the pat- 
tern of the book. This is a book which 
should find wide use in undergraduate 
courses—and, hopefully, it will stimu- 
late the revision of old courses and the 
initiation of new ones in which com- 
parative anatomy and embryology are 
more closely integrated than heretofore. 
It should be useful, also, in providing 
advanced students in other biological 
areas with a comprehensive view of 
present-day vertebrate morphology. 
And, it will be found a trustworthy 
source book by teachers of general 
courses in biology. —lmer G. Butler 
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Crystal Structures, 2nd Èd., Vol. I CR. W. G. 
Wyckon), Eent. 334A. 

Cummings, C. I., 'ed.; March, 81A (with H. 
R. Lawrence). 

Current Topics in Organic Chemistry, Vol. I 
(L. F. & M. Fieser); Dec., 461A. 


Dantzig, G. Ri ; Sept., 844A. 

ee ae ., ed.; June, 212A (with W. E. 
0 

Davies, J. C.; June, 206A. 


i 


Dean, B. V., ed.; June, 238A. 

Deards, S. R., ed.; June, 191A, 

DeBeer, G.; Sept., 349A, 

Defay, R.; Dee. 463A (with L. Dufour), 

de Mayo, P, ed.; March, 80; Dec., 463A. 
Denes, P. B .; Sept., 336A (with E. N. Pin- 


son). 
deShalit, A.; June, 234A (with I. Talmi). 
Design of Electric Circuits in the Behavioral 
Sciences, The (T. N. Cornsweet}; June, 
208A. 
Dethier, V. G.; Sept., 321A. 
Developmental Anatomy of “Isoetes”, 
(D. J. Paolillo, Jr.); June, 186A. 
DeWitt, C. et al., eds.; Sept., 348A. 
Dexter, D. L.; June, 233A (with A. Guinier). 
Diagnostic Methods in Speech Pathology (W. 
Johnson et al.) ; Sept.,g01A 
neona of Zoology, A (A. W. Leftwich); 
une, 2 
Dietrich, G.; J une, 237A. 
Diffusion in Semiconductors (B. I. Boltaks); 
June, 186A. 
Dill, D. B., et al., eds.; Sept., 323A. 
Divalent Carbon (J. Hine); Sept., 328A. 
Djerassi, C., ed.; June, 2292A. 
Dole, S. H.; Dec., 466A. 
Dow, P., ed.; Dec., 428A (with W, F. Hamil- 


ton). 
Drucker, D. C., ed.; June, 234A (with J. J. 


Giman). 
Dublin, L. I.; June, 2304A. 
Dufour, L.; - Dec., 463A (with R. Defay). 
Dynamics '& Thermodynamics of Planetary 
Entry (W. H. T. Loh); Sept., 318A. 
Dynamics of Manned Lifting Planetary Entry 
(S. M. Scala et al., eds.); Sept., 319A. 


i= 


The 


Earthquakes & Earth Structure (J. H. Hodg- 
son); Dec., 428A. 

ua Sciences, The (A. N. Strahler); March, 
7 

Ebsworth, E. A. V.; Sept., 342. 

Ecology of N. Ámerica, The wn E, Shelford}; 
Dec., 432A. 

Ecology of Waste Water Treatment, The (H. 
A. Hawkes); Sept., 345A. 

Eggenberger, D. I., ed.; Sept., 335A. 


Eggers, D. F., Jr., et al.; Dec., "470A. 
Ehrlich, > Ra; "June, 212A (with R. W. 
Holm). s 


Electric Propulsion Development, Vol. 9 (E. 
Stuhlinger et al., eds.); March, 874. 

Electromagnetic Theory for Engineering Ap- 
plications (W. L. Weeks); Dec., 452A. 

Electron-Microscopic Structure of Protozoa 
(D. R. Pitelka) ; March, 98A. 

Electronic Processes in Materials (L. V. 
Azaroft & J. J. Brophy); March, 112A. 

Electronic Structure & ‘Alloy Chemistry of the 
Transition Elements (P. A. Beck, ed.); 
March, 80A. 

Elementary Particle Physics & Field Theory 
(T. Fulton et al.); March, 84A. 

El’tain A. I., Dec 419A (with M.P Shaskol 
shaya). 

Elving, P. J., ed.; March, 109A 0000A 
(with I. M. Koltho ff). 

Encyclopaedie Dictionary of Physics (J. 
Thewlis, Editor-in-Chief); Sept., 389. 

Engel, G. L. March, 122A, 

Entropy (J. D. Fast); Sept., 324A. 

Enzyme & Metabolic Inhibitors, Vol. 1 (J. L. 
Webb); March, 92A. 

Equations of Mathematical Physics (A. 
Tikhonov & A. A. Samarskii); Dec., HIN 

Estrin, H. A., ed.; March, 66A. 

Eugenics: Hereditarian Attitudes in Amfrican 
Thought (M. H. Haller); Dec., 450A. 
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Von Euler, U. S., ed.; June, 214A (with H. 
Heller). 

Evans, H. E.; March, 121A. 

Evolution & Eradication of I i a Diseases, 
The (A. Cockburn); June, 2 

Evolution of the Metazoa, he (J. Hadzi); 
June, 220A. 

Evolutionary Trends in Foraminifera (G. H. 

aN a Koenigswald et al., eds.); Sept., 


Farndale, J., ed.; June, 210A (with H. Free- 
man). 

Fast, J. D.; Sept., 324A. 

Fast Neutron Physics,.Part II (J. B. Marion 
& J. L. Fowler, eds.) : June, 202A. 

Fatigue Resistance Q. Ye. Kravchenko); 
Dec., 470A. 

Fenimore, C. P.; Dec., 458A. 

Ferris, C. D.; March 70A 

Feynman Lectures on Physics, The, Vols. I & II 
(R. P. Feynman etal.); Dec., 438A 

Feynman, R. P. etal.; Dec., 438A. 

Fieser, L. F. & M; Dec., 461A. 

Fingerman, M.; March, 119A. 

Flowering Process, The (F. B. Salisbury); 
June, 256A. 

Foerst, W., ed.; June, 216A. 

Folkers, K.; Dec., 416A (with A. F. Wagner). 

Fowler, d. Ta; ed.; June, 202A (with J. B. 
Marion). 

Fox, D. et al., eds.; Sept., 817A. 

Fox, L., ed.; March, 116A. 

Fracture of Solids (D. C. Drucker & J. J. 
Gilman, eds.); June, 234A. 

Frazer, A. C.,ed.; June, 231A. 

Freeman, H., ed.; June, 210A (with J. 


Farndale). 

Frey, D. G., ed.; geri 108A. 

Friedel-Crafts & Related Reactions, Vol. I 
(G. A. Olah, ed.); June, 229A. 

Froissart, M.; Dec., 424A (with R. Omnés). 

Fultin, T. et al.; March, 84A. 

Future of the Research Library, The (V. W. 
Clapp); Dec., 455A. 


Galitskiy (V. M.); June, 227A. (with V. I. 
Kogan). 

Garner, W. R.; Sept., 306A. 

Garvey, J. 8. et al.; June, 184A (with D. H. 
Campbell ef al.4. 

Geil, P. H.; June, 217A. 

General Oceanography (G. Dietrich); June, 

Generic Names of Orchids, Their Orm & 
Meaning (R. E. Schultes & A. S. Pease}; 
Dec., 450A. 

Genetics (R. C. King); June, 188A. 

Genetics & Modern Biology (G. W. Beadle); 
June, 194A. 

Genetic Effects of Radiations (C. E. Purdom); 
March, 94A. 
Geologie und Pélaontologie in Texten und 
ihrer Geschichte (H. Holder) ; March, 78A. 
Geophysics, The Earth's Environment (C. 
DeWitt et al., eds.}; Sept., 848A. 

Germfree Life & Gnotobiology (T. D. Luckey); 
Dec., 480A. 

Germination of Seeds, The (A. Mm Mayer & A. 
Poljakoff-Mayber): March, 9 

Gilman, J. J., ed.; June, oN Gvith D. C. 
Drucker). 

Gold, V., ed.; Dec., 469A. 

Goodenough, J. B.; Sept., 801A. 

Goodwin, B. C.; Dec., 4444. 

Green, C.; March, 120A. 

Groug Theory (M. ' Hamermesh); June 194A. 

Group Theory, ihe Application of Quantum 
Mechanics (P. H. E. Meijer & E. Bauer) 
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Grunwald, E.; March, 111A (with J. E. 
Leffler). 
June, 194A. 
Guillemin, E. A.; Sept., 340A. 
Guinier, A.: .; dune, 233A (with D. L. Dexter). 
Guthrie, A.; Sept., 338A. 


Habitable Planets for Man (S. H. Dole); Dece., 
466A. 


Hadzi, J.; June, 220A. 

Hagerty R. P. e al., eds.; Dec., 4594. 

Haissinsky, M.; Dec., 461A. 

Haller, M. H.; Dec., 450A. 

Hamilton, W. F., ed.; Dec., 428A (with P. 
Dow). 

Hammermesh, M.; June, 194A. 

Handbook of Mathematical Functions (M. 
Abramowitz & I. A. Stegun, eds.); Dec., 


456A. 

Handbook of Physiology, Section 2: Circula- 
tion (P. Dow & W. F. Hamilton, eds.); 
Dec., 428A. 

Handbook of Physiology, Section 4: Adaptation 
to the Environment (D. B. Dill et al., eds.); 
Sept., 3 i 

Hartman, C. G., ed.; Sept., 310A. 

Hass, G., ed. ; Sept., 326A. 

Hawkes, H. AL: : Sept., 345A. 

Hawkins, D.; Sept., 336A 

Heine, R. W., ed.; March, 87A (with J. M. 
Wepman). 

Helgeson, H. C.; Sept., 332A. 

Heller, H., ed.; ‘June, "214A (with U. 8. Von 
alee, 

Higher Education in Engineering CH. A. 
Estrin, ed.); March, 6 

Hill, M. N., ed.; June, 38A. 

Hine, J.; ; Sept., 328A. 

History of Science (A. Taton, ed.; Dec. 454A. 
History, Psychology, & Science: eas 
Papers of Boring (R. I. Watson & D. 

Campbell, eds.); Sept., 310A. 

Hodgson, J. H.; Dec., 428A. 

Holder, H.; March, 78A. 

Holm, R. W.; June, 212A (with P. R. 


Ehrlich), 

Howell, F. C., ed.; Dec., 418A (with F. 
Bourliere). 

Hultgren, R. et al.; Dec., 452A. 

Human Aging (J. E. Birren et al., eds.); 
March, 117A.. 

Human Nature in Politics (J. ©. Davies); 


June, 206A. 
PLO T. S.; June, 200A (with D. C. 


) 
Hydrodynamic Superposability (R. Ballabh); 
June, 200A. 
Hyman, H. H., ed.; ae 76A. 
Hypoxia (B. Van Liere & J. C. Stickney) ; 
March, 114A. 


Ibele, W. B., ed.; 
International Auroral 
chrmn.); Sept., 320A. 
Interpretation of Mass Spectra of Organic 
oun (H. Budzikiewicz et al.); Dece., 

4 


March, 68A. 


Atlas (J. Paton, 


Introduction to Analog Computations (J. R. 
Ashley); Sept., 381A. 

Fý ntroduction lo Clay Colloid Chemistry, An 
(EH. van Olphen); March, 115A. 

Introduction to Geological Mier obiology (S. I. 
Kuznetsov et al.); June, 220A. 

Introduction to Integrated Semiconductor 
Circuits (A. J. Khambata); Dec., 484A. 

Introduction to Modern Biochemistry (P. 
Karlson) ; June, 214A. 

Introduction. to pai Geodesy (I. I. Muel- 
ler); Dec., 465A 


Introduction to Vacuum PETTE, An (A. H. 
Turnbull et al.); March, 110A 

Introduction to Vector & Tensor Analysis (R. 
C. Wrede); Sept., 380A. 

Introduction to Waves, Rays & Radiation in 
Sea Media, An (J. J. Brandstatter); 
Dec., 426A. 

ee Mechanics (E. F. Taylor); 
March, 

oa Zoology (R. D. Barnes); June, 
196A. 


James, I. M., ed.; Sept., 328A. 

Jet-Stream Meteorology (E. R. Reiter); 
March, 102A. 

Johnson, N. F., et al.; Sept., 338A. 

Johnson, W. et al.; Sept., 301A. 


Karlson, P.; June, 214A. 

Keith, L. B.; March, 92A. 

Kelso, J. M.; Sept., 321A. 

Keoeeit (W. Petrie); Dec., 446A. 

Keonjian, E., ed.; March, 118A. 

Keys to the Trematodes of Animals & Man 
(K. I. Skrjabin et al); Dec., 441A. 

Khambata, A. J.; Dec., 434A. 

King, R. C.; June, 188A. 

Kingsbury, J.M.: ; Sept., 826A. 

Kittel, C.; Dec., 451A. 

Knight, 1 M.: Dec., 467A. (with L. H. Mat- 
thews). 

Koenigswald, G. H. R. Von et al., eds.; 
Sept., 329A. 

Kogan, V. I.; June, 227A (with V. M. 
Galitskiy). 

Kolthoff, I. M., ed.; Ate 109A; (with P. J. 
Elving). Part i; 

Kozlowski, T. T.: Dec., TBA, 

Kravchenko, P. Ye.: Dec., 470A. 

Kuiper, G. P., ed.; June, 222A (with B. M. 
Middlehurst). 

Kuznetsov, 8. I. et al.; June, 220A. 


Languoue SA Nature, The (D. Hawkins); 
Sept., 336A. 


ioe T. S.; Sept., 344A (with 8. T. 
Michael). 

Lanyon, W. &., ed.; March, 102A (with W. 
N. Tavolga). 

Lanyon, W. E.; June, 228A. 

Lattice Theories of the Liquid State (J. A. 
Barker); Dec., 440A. 


Laverack, M. S5.: June, 285A. 
Lawrence, H. R., ed.; March, 81A (with C. I. 


Cummings). 
A . J.; Sept., 334A (with K. J. 
inns 
Leffler, J. E.; March, 111A (with E. Grun- 


wald). 
Lelah, A. W.; June, 235A. 
Lenz, W.; March, 72A. 
Lequeux, J. March, 105A (with J. L. Stein- 


erg). 

Li, H-L.; March, 73A. 

Liere, E. J. Van; March, 114A (with J. C. 
Stickney). 

Life Stress & Mental Health (T. $. Langner 
& S. T. Michael); Sept., 344A. 

Limnology in N. America (D. G. Frey, ed.); 
March, 108A. 

ety Network Theory (C. D. Ferris); March, 
70 


Linear Programming & Extensions (G. B. 
Dantzig); Sept., 344A. 

Loh, W. H. T: ; Sept., SI8A. 

Lougee, L. B.; . Sept., "S14A, 

Love, A&D. Love, eds.: ; March, 98A. 

Luckey, T. be Dec., 4 OA. 

Luria, A. R.; June, 219A. 


Macmillan, R. H. ef al., eds.; March, 68A. 

Magnetism & the Chemical Bond (J. B. 
Goodenough); Sept., 301A. 

Mainardi, P.; ` Sept., 330A (with H. Barkan). 

Making of the Electrical Age from the Tele- 
graph to Aulomation, The (H. I. Sharlin); 
Dec., 445A. 

Mandelstam Theory & TEADE E Poles (R. Omnès 
& M. Kroa Dec., 

Marion, J. B., ed.; EFE 503A (with J. L. 
Fowler). 

were & Lasers (M. Brotherton); Sept., 


Mass Spectrometry of Organic Ions (E. W. 
MeLafferty, ed.); June, 239A. 

Maternal Behavior in Mammals (H. L. 
Rheingold, ed.); June, 88A. 

Mathematical Methods for the Study of Auto- 
matic Control Systems (V. I. Zubov); 
March, 84A. 

Mathematical Works of J. H. C. Whitehead, 
Vol, IV (I. M. James, ed.) ; Sept., 328A. 

Matthews, L. H., Dee., 467A (with M. 


Knight t). 
Ma ybor Polakal, A.; March, 95A (with A. 
. Mayer). 

Mayer, A. M.; March, 95A (with A. Pol- 
jakoff-Mayber). 

Mayo, P. de, ed.; March, 80A; Dec., 463A. 

MeCellan, A. L.: ' Sept., 346A. 

McGraw-Hill Yearbook of Science & Tech- 
nology1963 Review; 1964 Preview (D. I. 
Eggenberger, ed.); Sept., 335A. 

McLafferty, F, W., ed.; June, 239A. 

Men R. E.; Sept., 340A (with J. V. Par- 
cher). 

Measure of the Moon, The (R. B. Baldwin) 
Dec., 446A. , 

Mechanisms Concerned pi Conception (C. G. 
Hartman, ed.); Sept., 310A. 

Medical Genetics (W. Lenz): March, 72A. 

Meijer, P. H. E.; June, 194A (with E. Bauer). 

Methods in Immunology (D. H. Campbell, 
J. S. Garvey et al.); June, 184A. 

Methods of Enzymatic Analysis (H. U. 
Bergmeyer, A March, 9 

Michael, S. T - Sept., 344A (with T. D. 
Langner). 

Michelson, A. M.; June, 228A. 

Microchemical Techniques (N. D. Cheronis, 
ed.); March, 64A. 

M icroelectronics, Theory, Design & Fabrica- 
tion (EÈ. Keonnan; hee March, 113A. 

Middlehurst, B. , ed.; June, 222A (with 
G. P. Kuiper) ; 

Modern Developments in Heat Transfer (W. 
E. Ibele, ed.); March, 68A. 

Molecular Rearrangements, Parts I & II (P. 
de Mayo, ed.); March, 80A; Dec., 463A. 
Molten F Chemistri y M. Blander, ed.); 

Sept., 347 

Moody, G. T, Sept., 300A. (with J. D. R. 
Thomas). 

Moon Meteorites & Comets, The (B. M. Mid- 
diehurst & G. P. Kuiper, eds.); June, 222A. 

Moruzzi, Q. ei al., eds.; Dec., 41 16A. 

Mosse, B., ed.; Sept., 312A (with P. S. 
Nutman). . 

Moulder, J. W.: Dec., 426A. 

Mueller, I. I.; Dec., 465A. ; 

Mystery of the Expanding Universe, The (W. 
Bonnor); Dec., 430A. 


Nalbandov, A. VY., ed.; June 216A. 
Nash, L. K.; Dec., "454A. 

Nature of the Natural Sciences, The (L. K. 
Nash); Dec., 454A. m 
Nesmeyanov, An. N.; Dec., 460A. 
Neuroendocrinology (Œ. & B. 

March, 90A. 


Scharrer); 
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Newer Methods of Nutritional Biochemistry 
with Applications & Interpretations (A. A. 
Albanese, ed.); March, 108A. 

Newer Methods of Preparative Organic Chem- 
istry, Vol. II (W. Foerst, ed.); June, 216A. 
Noble-Gas Compounds (H. H. Hyman, ed.); 

March, 76A. 

Noble Gases & Their Compounds (G. J. 
Moody & J. D. R. Thomas); Sept., 300A. 
N. Atlantic Biota & Their History (A. & D. 

Love, eds.); March, 984A. 

Noyes, W. A. et al., eds.; March, 104A. 

Nuclear Chemistry & Its Applications (M. 
Haissinsky); Dec., 461A. f 

Nuclear Chemistry, Technique of Inorganic 
Chemistry, Vol. II (N. F. Johnson et al.); 
Sept., 338A. 

Nuclear Physics (W. E. Burcham); June, 
202A. 


Nuclear Research Emulsions, Vol. I (W. H. 
Barkas); June, 210A. 

Nuclear Shell Theory (A. de-Shalit); June, 
34A 


Numerical Solution of Ordinary & Partial 
Differential Equations (L. Fox, ed.); 
March, 116A. 

Nutman, P. S., ed.; Sept., 312A (with B. 
Mosse). 


Ocean Wave Spectra (E. C. Stephan et al.): 
June, 237A. 

O’ Keefe, J. A., ed.; March, 100A. 

Olah, G. A., ed.; June, 229A. 

Olphen, H. van; March, 115A. 

Omnès, R.; Dec., 424A (with M. Froissart). 

Operations Research in Research & Develop- 
ment (B. V. Dean, ed.) ; June, 2384. 

Oppenheimer, C. H., ed.; June, 223A. 

Optimum Design of Digital Control (J. T. 
Tou); June, 221A. 

Orbach, H. L., ed.; March, 118A (with C. 
Tibbitts). 

Organic Functional Group Analysis (F. E. 
Critchfield) ; Sept., 346A. 

Osmotic & Ionic Regulation in Animals (W. 
T. W. Potts & P. Gwyneth); Dec., 424A. 
u to Biology (P. C. Ritterbush); Dec., 

467A. 


Paleocurrenis & Basin Analysis (P. E. Potter 
& F. J. Pettijohn); Sept., 315A. 

Paolillo, D. J., Jr.; June, 186A. 

Parcher, J. V.; Sept., 340A (with R. E. 
Means). 

Parr, R. G.; March, 86A. 

Parry, G. Dec., 4244, (with W. T. W. Potts). 

Passages from the “Idea Books” of Clark L. 
Hull (R. B. Ammons et al, eds.); June, 
208A. 

Paton, J., chrmn., Sept., 320A. 

Paul, W., ed.; Dec., 471A (with D. M. 
Warschauer). 

oe A. 58.; Dec., 450A (with R. E. Schul- 

es). 

Pennak, R. W.; June, 235A. 

Petrie, W.; Dec., 446A 

Pettijohn, F. J.; Sept. 315A (with P. E. 
Potter). 

Petukhov, B. V.; Dec., 469A. 

Pharmacology of the Carotid Body Chemore- 
ceptors (S. V, Anichkov & M. L. Belen’kii); 
June, 224A. 

Phoigelectric Astronomy for Amateurs (F. B. 
Wood, ed.); Dec., 438A. 

Physical Chemistry (D. F. Eggers, Jr., et al.); 
Dec., 470A. 
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Physical Properties of Soils (R. E. Means & 
J. V. Parcher); Sept., 340A. ; ; 
Physics & Chemistry of the Organic Solid 
SEIA Vol. I (D. Fox et al., eds.); Sept., 
174A. 


Physics of Engineering Solids, The (T. S. 
Hutchison & D. C. Baird); June, 200A. 

Physics of Thin Films, Vol. I (G. Hass, ed.); 
Sept., 326A. 


Physiology of Earthworms, The (M. 8. 
Laverack); June, 235A. 
Physiology of Insect Senses, The (V. G. 


Detheir); Sept., 821A. 

Physiology of Mosquitoes, The (A. N. Cle- 
ments); June, 196A. 

Pinton, E. H.; Sept., 386A (with P. B. 
Denes). 

Pitelka, D. R.; March, 98A. 

Planet Mercury, The (W. Sandner); Dec., 


432A. 
Plant Metabolism (G. A. Strafford); June, 
218A. 


Poisonous Plants of the U.S. & Canada (J. M. 
Kingsbury); Sept., 326A. 

Pokorny, V.; June, 230A. 

Polymer Single Crystals (P. H. Geil); June, 
217 


A. 
Potter, P. E.; Sept., 315A (with F. J. Petti- 


john). 

Potts, W. T. W.; Dec., 424A (with P. Gwy- 
neth). 

Potzsch, J.; Sept., 349A. 

Prat, H.; Dec., 422A (with E. Calvet). 
Precambrian, The, Vol. I of The Geologic 
Systems (K. Rankama, ed.) ; Sept., 843A. 
Prehistoric Technology (S. A. Semenov): 

Dec., 466A. 

Prigogine, I., ed.; Dec. 418A. 

Principles of Magnetic Resonance (C. P. 
Slichter) ; March, 64A. 

Principles of Paleoecology (D. V. Ager); 
June, 224A. 

Principles of Zoological Micropalaeontology 
(V. Pokorny); June, 230A. 

Problems in Quantum Mechanics (V. I. 
Kogan & V. M. Galitskiy); June, 227A. 

Process of Evolution, The (P. R. Ehrlich & R. 
W. Holm); June, 212A. 

Progress in Control Engineering, Vol. I 
ae H. Macmillan et al., eds.); March, 
8A. 

Progress in Nucleic Acid Research, Vol. I 
(J. N. Davidson & W. E. Cohn), eds.); 
June, 212A. 

Psittacosis Group as Bacteria, The (J. W. 
Moulder); Dec., 426A. 
Psychological Development in Health & 

Disease (G. L. Engel); March, 122A. 

Purdom, C. E.; March, 94A. 


` 


Quantum Theory of Molecular Electronie 
Structure (R. G. Parr): March, 86A. 

Quantum Theory of Molecules & Solids, Vol. 
I (J. C. Slater); March, 86A. 

aem Theory of Solids (C. Kittel); Dec., 
451A. 


Radioactive Dating (UNESCO); Sept., 322A. 

Radio Astronomy (J. L. Steinberg & J. 
Lequeux); March, 105A. 
dio Ray Propagation in the Ionosphere 
(J. M. Kelso); Sept., 321A. 

Randerath, K.; Sept., 337A. 

Raphael, R. A. et al., eds.; June, 198A. 

Rat, The, A Study in Behaviour (S. A. Bar- 
nett); June, 182A. 

Rates & Equilibria of Organic Reactions (J. 
E. Leffler & E. Grunwald); March, 111A. 


Recent Developments in Network Theory (S. 
R. Deards, ed.); June, 191A. 

Recent Progress in M ei toads (E. 
Calvet & H. Prat); Dec., 4 

Reese, E. T., ed. - June, ean 

Reiter, E. R: ; March, 102A. 

Restoration of Function After Brain Injury 
(A. R. Luria); June, 219 

Rheingold, H. L., ed.; June, 188A. 

Rhinencephalon & Related Structures, The 
(W. Bargmann & J. P. Schadé, eds.); 
Dec., 448A. 

Ripperger, E. A. oe on June, 1914A. 

Ritterbush, P. C.; 7A. 

Royal Society; e 236A 

Rubin, B. A.; Sept., -314A (with Ye. V. 
Artsikhovskaya). 


Salisbury, F. B.; eA 236A 

Samarskii, A. A.; Dec., 456A (with A. N. 
Tikhonov). 

Sandner, W.; Dec., 432A. 

Scala, S. M. et al., eds.; Sept., 819A. 

Schadé, J. P., ed.; Dec., 448A (with W. 
Bargmann). 

Scharrer, E. & B.; March, 90A. 

Schultes, R. E.; Dec., 450A (with A. 5. 
Pease), 

Re ori in Russian Culture (A. Vucinich); 

Science n Tife, The (G. R. Taylor); March, 


Sea, The, Vol. ITI (M. N. Hill, ed); June, 
238A. 


Selected Problems in Physics with Answers 
(M. Shaskol’skaya & I. A. El’tsin); 
Dec., 419A, 

Selected Values of Thermodynamic Properties 
of Metals & Alloys (R. Hultgren et al.); 
Dec., 452A. 

Semenov, S. A.; Dec., 466A. 

Senses of Animals, The Ne H. Matthews & 
M. Knight); Dec., 467A. 

Shalit-de, A.; : June, 934A (with I. Talmi). 

Sharlin, H. Í; Dec., 445A. 

Shaskol’skaya, M. P.; Dec., 419A (with I. A. 

Shelford, V. E.; Dec., 482A. 

Shinoda, K. et al.; March, 118A. 

Skrjabin, K. I. et al.; Dec., 441A. 
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Solar Flares (H. J. & H. y. P. Smith): Sept., 


Solids Under Pressure (W. Paul & D. M. 
Warschauer, are ec., 471A. 

Speech Chain, T he (P. B. Denes & E. N. 
Pinson); Sept., 336A. 


Stegun, A., ed.: Dec., 456A (with M. 
Abramowitz). 

Steinberg, J. L.; March, 105A (with J. 
Lequeux 


Stephan. E C. et al., Chairmen; June, 237A. 

ae Reactions (C. Djerassi, ed.); June 

Stickney, J. C.; March, 114A (with E. J. 
Van Liere). 

aU A of Lh Laser, The (J. M. Carroll); 
ept., 2 

Strafford, rch A.: ; June, 218A. 

Strahler, A. N.; March, TBA. 

Strand, K. Aa., 'ed.; June, 204A. 

Structure & Ultrastructure Af Microorganisms 
(EK. M. Brieger); June, 22 

Stuhlinger, E. et al., eds.; March, 87A. 

Suicide (L. I. Dublin): June, 230A. 

Sun & The Amateur Astronomer, The (W. M, 
Baxter); June, 204A 


. Sutton Hoo (C. Green); March, 120A. 


Symbiotic Associations ( Nutman & B. 
Mosse, eds.); Sept., 312A 

Symposium on Marine M icrobiology (C. H. 
Oppenheimer, ed.); June, 223A, 

Synthetic Fibres in Papermaking (0. A. 
Battista, ed.); Dec., 436A. 


Tables of Experimental Dipole Moments (A. 
L. McClellan); Sept., 346A. 

Talmi, I.; June, O34A (with A. de-Shalit). 

Taton, R., ed.; Dec., 454A. 

Tavolga, W. N., ed.: March, 102A (with W. 
E. Lanyon). 

Taylor, E. F.; March, 70A. 

Taylor, G. R., March, T2A. 

Technology of Lunar Efploration. (C. I. Cum. 
mings & H. R. Lawrence, eds.); March, 814. 

Technology of Polyester Fibres, The (B. V. 
Petukhov}; Dec., 469A. 

Tektites (J. A. O’ Keefe, ed.); March, ae 

Temporal Organization in Cells (B. C. Good- 
win); Dec., 

Theory of Linear ‘Physical Systems (E. A. 
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Thermodynamics of Clouds (L. Dufour & R. 
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Thermostatics Ny aa adams (M. Tri- 
bus); Sept., 306A. 
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Tibbitts, C., ed.; March, 118A. 
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Alston). 
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van Olphen, H.; March, 115A, , 

Van Nostrand’'s International Encyclopedia of 
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Vapour Pressure of the Elements (An. N. 
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Vitamins & Coenzymes (A. F. Wagner & K. 
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March, 92A 
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Andrews, F. C.; Dec., 440A. 
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Buddington, A. T.; Sept., 343A. 
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Conrad, D. A.; Dec., "456A. 

Cooper, K. W.; March 121A. 
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Culver, W. J.; ' Sept., 344A. 

Cunningham, W., J.; June, 
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Daniels, W. B.; Dec., 471A. 
Donachie, W. D.; Sept., 312A. 
Donaldson, C.; Sept., 318A; 319A. 
Douglas, J. F.; June, 231A. 

prey ue J.; Dec., 416A. 

Dunn, F - Dec., 422A, 


bephart, B B.; goas 188A; 215A. 
Ebel 


Elliott, A. ian i Cinch O8A. 
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Estin, A. J.; Sept., 334A. 
Eyzaguirre, C.; June, 224A. 


Fankuchen, I.; June, 238A. 
Farber, M. L.; June, 230A.. 
ee ld, G. B.; March, 105A; 107A; Sept., 


Fischer’ A 2 5 March, 78A; June, 220A. 
Foland, W. D.; March, 70A 

Fong, F; Dec., 470A. 

Frank, H. 8.; Sept., 324A. 


Gaspar, P.; Sept., 328A. 
Glassman, I.; Dec., 459A. 
Goddard, E. D.; March, 118A. 
Goodman, J. W.; June, 184A. 
Greenwood, H. J.; Sept., 832A. 
Grinnell, A. D.; Dec., 467A. 
Guttman, B. S.; Dec., 444A. 


Hall, F. G.; March, 114A; Sept., 323A. 
Havens, Leston & Nancy; June, 210A. 
Hayes, W. D.; June, 200A. 

Helinski, D. R.; June, 214A. 

Hillman, W. S.; June, 286A. 

Horsfall, J. G.; Sept., 314A. 

Howard, R. A.; Sept., 326A. 

Hunt, W. A.; Sept., 310A. 


Irving, J. T.; March, 103A. 
Irwin, H. T.; Dec., 466A. 


Jahn, R. G.; March, 87A. 
Janz, G. J.; Sept., 347A. 
Jarvik, L. F.; March, 72A. 
Jenness, A.; March, 87A. 
Jones, R. F.; June, 218A. 
Johnson, C. S., Jr.; June, 282A. 
Johnson, M.; Dee., 455A. 


Kadanoff, L. P.; Sept., 300A. 
Kahne, S. J.; March, 84A; June, 221A; 


Kauffman, M. E.; Dec., 428A. 
Kaufman, §.; Sept., 338A. 

Kelsey, C: An J une, 202A (2). 
Kempton, R. T.; Dec., 424A. 
Kleinberg, W.; 5 Sep t., 310A. 
Kleinholz, L. H Mark 1194. 
Klemm, W. R.; Dec., 416A; 448A. 
Krausz, L. M.; Dec., 462A. 


Landrum, B. F.; June, 229A. 
Lemonick, A.; Sept., 389. 
Levi, H. W.; Sept., 349A. 
Levins, R.; June, 212A. 
Lichtenberg, D. B.; ass 84A. 
Liller, Wm.; Dec., 438A. 
Lipschutz, 'M. ne March, 
322A 


Lyons, W. J.; Dec., 470A. 


MacDonald, G.; Dec., 465A. 
MacKinnon, E.; Dec., 454A. 
Maddux, W. 8.3 - June, 223A. 
Maienthal, M.; . June, 216A. 
Malamud, H.; Dec., 4194. 
Mateles, R. L: Sept., 324A. 
McArthur, C. C.; Sept., 344A. 
MceAuslan, B. R.; Dec., 426A. 
McClure, D. 8.; Sept., 317A. 
McCulloch, W. S.; Sept., 318A. 
McGill, T. E.; June, 182A. 
McIntosh, P. S.; June, 204A. 
McKee, J. P.; June, 188A. 
Michael, W. H., Jr.; March, 81A. 
Mikovsky, R. Ju: - Sept., 306A. 
Miles, W. R.; March, 117A; 118A. 
Miron, M. §S.; Prepi; 301A. 
Moment, G. B . June, 235A. 
Moore, W. J.; Sept., 326A. 


Moorhead, É. D.: March, 109A; Sept., 
304A. 
Morrison, J. D.; Dec., 443A. 


Morton, D. C.: June, 204A. 
Muldawer, L.; Dec., 452A. 
Muller, H. J.; Dec., 450A. 


Murray, R. G. E.; June, 225A (with C. F. 


Robinow). 
Nachmias, J.; pare 226A. 
Nelson, D Pi Jr.; Sept., 346A. 
Niering, W - Dec., 432A. 


Noble, P., jen Mec 111A. 
Nolan, J. P., Jr.: Sept., 300A. 
Novales, R. 'R.; March, 120A. 
Nussbaum, A.; Dec., 418A; 452A. 


Odum, H. T.; March, 92A. 
Olsson, R. K.: ; June, 230A. 
Oppenheimer, J. Dec., 467A. 
Oster, G.; March, 104A. 
Overseth, O. E.; June, 210A. 


Pankove, J. I.; March, 112A; June, 200A. 
Pardee, A. B.; 
464A ; 468A. 

Parr, R. G.; Sept., 301A. 

Payhter, R. A. Jr.: June, 228A. 
Pearson, G. S.; - June, 239A; Dec., 458A. 
Perin, C. T; Jr.; June, 208A. 

Post, H. À.; ' Dec., 454A. 

Poziomek, E. J n Dec., 461A. 

Pritchard, M. H.; Dec., 441A.. 


Redfield, A .G.; 
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Reissner, m 
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- March, 100A. 
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. Siever, R.; 


Squire, W.; 
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Renn, C. E.; Sept., 345A. 

Restle, F.; Sept., 306A. 
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Robb, P.; June, 219A. 
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Rochow, E. G.; Sept., 342A. 

tee K. D.: Sept., 321A. 
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Sabine, D. B.; Dec., 480A. 

Sargent, G. D.; Sept., 846A. 

Saslaw, W. C.; Dec., 430A; 466A. 

Schmid, W. E.; Sept., 840A. 
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Smith, A. C.; March, 73A. 
Soper, F. L.; June, 200A. 
Spielman, A.; June, 196A. 
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Straus, D. B.; June, 190A; 228A; Sept., 
387A; Dec., 457A. 
Strayer, J. R.; March, 120A. 
Sturtevant, A. H.; June, 194A. 
Sueoka, N.; June, 212A. 
Swineford, A.; March, 115A. 


Taylor, H. 8.; March, 76A; June, 226A; 
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Thyagarajan, B. 8.; June, 198A; 222A. 

Todd, J.; March, 116A. 

Treiman, 8.; Dec., 424A. 


Vallentyne, J. R.; March, 108A. 
Verner, J.; March, 102A. 


Wait, J. R.; Sept., 321A. 

Wangersky, P. J.; March, 64A; June, 
237A; 238A. 

Weber, E.; March, 66A. 

Wentzel, D. G.; Sept., 314A. > 

Wethington, J. A., Jr.; Dec., 461A. 

Wetmore, R. H.; June, 186A. 

Willi, A. V.; Dec., 469A. 

Witt, P. N.; Sept., 314A. 

Wyndrum, R. W., Jr.; March, 118A; June, 
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Yannas, J. B.: June, 217A. 
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ELECTROMETER 


The Keithley 610B Electrometer meas- 
ures more parameters over broader 
ranges than any other dc test instru- 
ment! One compact measuring system 
now gives you the capability to investi- 
gate: 

VOLTAGE—-20 microvolts to 100 volts. 
without ċircuit loading (10! ohms 
input resistance) 


CURRENT——10- 5 ampere to 0.3 ampere ZERO 
RESISTANCE—2 ohms to 10% ohms F.@ FINE @ 


i CHARGE —10-!3 coulomb to 10:5 cou- MEDIUM O 
lomb 


.In addition, this neat package has 
only 200 microvolts per hour zero 
drift. That's ten times better than you 
can expect from any other tube elec- 
trometer, and it approaches the stability 
of costly vibrating reed devices. Unique, 
too, is the 610B’s 1% meter accuracy, 
and its .005%. unity gain output for 
impedance matching. An extra large - 
6-inch taut-band meter and two easy- 
to-read dials accent ease and conveni- 
ence of operation. 

The remarkably superior 610B re- 
places the 610A... and sells for the 


same price... 
$565 
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on 6108 Electrometer 
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other electrometers 


Model 610BR 

Rack mounting 610B , . 
Model 621 

37 ranges, line operated. 
Model 600A 

54 ranges, bat. operated. . 
Model 603 

50 ke bandwidth amplifier 
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TRW SPACE TECHNOLOGY LABORATORIES 
FELLOWSHIPS 


FOR 


Doctoral & Postdoctoral Study 


AT THE CALIFORNIA INSTITUTE OF TECHNOLOGY 9. 
OR THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


4 e > 


CA 1965-1966 ESO 


TRW SPACE TECHNOLOGY Fellowships have been established to assist scientists and ' 
engineers who have the very special qualifications required for work in advanced space 
technology. Recipients of these Fellowships will have an opportunity to pursue a broad 
course of graduate study in the fundamental mathematics, physics, and engineering 
required for careers in these fields, and will also have an opportunity to associate and : 
work with experienced engineers and scientists. 


The program for each Fellow may cover approximately a twelve-month period, Bare of 
which may be spent at TRW Space Technology Laboratories, and the remainder at the 
California Institute of Technology or the Massachusetts Institute of Technology working 
toward the Doctor’s degree, or on post-doctoral study. Fellows in good standing may apply . 
for renewal of the Fellowship for a second year. 


States citizen who has completed one or more years of graduate study in mathematics, ' 
engineering or science before July, 1965. The Fellowships will also be open to persons. 
who have already received a Doctor’s degree and who wish to undertake an additional . 
year of study. . ft Joi 
AWARDS The awards for each Fellowship granted will consist of three portions: “The | 
first will be a stipend disbursed through the Institute attended of nor less than $2,000, 
with upward adjustment for candidates with family responsibilities. The second. portion 
will be the salary paid to the Fellow for summer and part-time work ac TRW Space | 
Technology Laboratories. The salary will depend upon his age and experience and the 
amount of time worked, but will normally be approximately $2,000. The third portion 


ELIGIBILITY The general requirements for eligibility are that the candidate be a United | 


.. will be a grant to the school to cover tuition and research expenses. 


APPLICATION PROCEDURE For a descriptive booklet and application forms, write to 
Administrator, Fellowship Program, TRW Space Technology Laboratories. Completed 


_ applications together with reference forms and a transcript of undergraduate and graduate — 


courses and grades must be received not later than January 20, 1965. 


TRW SPACE TECHNOLOGY LABORATORIES 


THOMPSON RAMO WOOLORIDGE INC. 
ONE SPACE PARK * RENDONOOGO BEACH, CALIFORNIA ` 


